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*l* i k k -tim^H 1 iBBW«t««Ba«K*. 
[ff?*«3] t!dBflH8SE«fS«Wi. 1ME»3=Jfl!8» 

&s i mmmmiitk z<r>& i <oiE»fflsati*w«« 

#lE$i£*t4 £ k *W6lt-i-i>tt&& 1 IE®<03fctf $Sffi 
?££$-£4 c k £*5f©k-f -S>«3£il 1 ffitt*WteflWM2» 

[f»3<JS7] iR^-r4H^ffl.^W5tcoiR^lcM«-r 
J£k. 

Z cOH±fflBg|t3t!Slt#fiftfc «t ^ "C MIE^IfffilE^iif* 
L"tfB*aH£fc?T 9 ffi$gH±^Sk *mLtzZ k Srtt 

ak-r4*nH8S4«*. 

heymvyt*.*). mil Effi$P*£ft£go' < «« t n 



1SBBT9-3 05978 
£ k * W« k -*-4it*JS 7 E®<^*lf ffiW£^B. 

[ansa i o ] mmmtm&mw<?>mmMm®.m± 

fc^H" h Z k £«fi§k -f 4 7 IEaw*««H4ife 

iff 

k -r 6 7 1 a**)** ffis^sa . 

KSWfcfU S^fflBS^^BBJt^iXTtk^l^ 

j^tU^^iiz^X m t(igfc:UBRj&£*-t4§S i <?> 

mm$mx.b zwa 1 *>E*raHa*ft«oJK*j£i:ss 

%<ryj?ti:< k t-*<73^JK^^iB"^4^iffl¥Sk Srfii 
fci k 2r^1tk-r43ttf$Bieii^a. 

i^jocKjatiaBQe#a**f * - 1 sr^sk-r^ti* 
« 1 2 ie®£7)^ffi$8ia#4»s. 

[0 00 1] 
[0002] 

xXfAt LT(4, CT^tf^ r George Barbastathis 
fill, "Holographic 3D disks using shift multiplexin 
g " , SP I E Proc. Optical Data Storage , 199 
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5if, Vo 125 14. %3 55~362^-^'j HZtf 

[0003l-I.I-e.l215 . JJE3fcfcfc75 

£trCv^^xf-A^v^A#W£t& B .J!1-ft. 

x-rA-m. Ait u— tftti i ltfasraaisi o i * 

ft&U *»I6L SHBSWSIOIKJ^T. EBSft 

ifl»c«oTA«u-ir*i i i^*#2iaw*=SE 

£*U ^ttft 10 3k LTEiaWfc 1 0 0 fcSBStSfL 
ft„ £*:. #S&3ti o 5t±. ^i/yXi'0 4i:J:-5t 
3*U K»MEf* 1 0 0±coft<** 1 0 3 k ft t 

ma&Mi'zmM^tih. zcoxoiztx, mMfoi o 

0_Lfc. flHfcWWte* 1 0 3 k#B?jfc 1 0 5 ic J: 4T# 
SSk LXE»2ti&. flHB*>Wfe""*li« IHIi^l 0 0 
±tc#!$3fc 10 5 O^^BSJt-t 4 . ± *3 . K»W 
#1 OOJ:9B£3fcl 0 6#f&£U i<?)B43tl 0 6 

o ofc«^v>xi o 2fc*ti*rt-&<fc 
■tssasiifci^ i o 7 {= J: -5 tarn*-? 1 o s± 

£«D»«3frFl 0 8fcJ:oT**a t R»iB 

snft. 

[0004] 

«S3t3i(*ia«W*±^J*t«a LSrV **:*>. lBiiS> ft 
il ft ^ftffi%<0^3c<7)$&MA - IglmmiS«¥ 

L/c o . ft ft v ^±mzt ma tix v **«**»*ai Lfc 

Offt.rkfc&ft. 

[00 0 5] tz?>x\ ay^hfa; (OT. c 
Dkffi-f. > Cft«SiiiHRW i fir*r-f^^'«±> 1 
ju meflHcRfldR 0 ftt'-A £«g 9 &t* cot'. 1 * mfcl 
*) 3tt - Acofira^*^I#g k *">T 

fflfcft v^±S4fflO#B?it^aS^^5:^W^fc 3 
fc-tft k . W3t'-AS<0 1 mmfflg.ffM&X'Lirtit. 
a^^SrtTO^k^t'^^vn *<7)tZ#>. fEIMftii 
T. Ifi^x'JTkie^x'JTkcoSPSSr+^^IXft^k 
*4» k 5: 9 . fSH k UTE««*^*^iEfl»* * £> 
£ 9*§<"f ftC:ka ? T'£&^k^3l^i&£#&-?fc<> 
[00061 4*:. maim l 5 fc* L£i 3 



#S¥9-3 0 5 978 



3fc#. Si]/?cO^*^2rjl3i|-rftJ;3^-?T^ft. C 

*u±. mumi 5i,z^Ltzi^^i-^ii^x . m*3t 
1 0 s^yxj 1 0 4*a»Lfc«fcffi»*tti 0 0 

K3'J3i-$-ft iofc&oT^ftiOCttL. 10 612: 

l^X107*iffiiL fc» t aHR*^ 108KJ:oT* 
3fc$ftftJ:3K#oT^ftOfc*tJE-rft. 
H^B%tC#re5tkll*3t* i S l J / ?^'^^ : f Sriii^-f ft i 

U "> k t ^ 3 |5ja^ S> -5 *: . 

[0007] ^BBJi^ftras^tcffi^-c^^^t 

COT. *<DJSSl<OBWti. *o/57-( £*i]JB LT1f?8 
ftg&tf) < fr 3 Cl k #T'£ ft «fc 3 c t 

mz*z < -c* ft i 3 c Lfcaw*^^ 

Clkfc&ft. 

[0 008] *«»0*2<Z>B«I±. *n^57-fS:*!l 

$gs±$iST-ft -5 t . s^fflgastae^xaiete* ***** 

< ?f 3 i k ft J: 3 K Lfc3tfll«S^6« * 

ft^kt&ft. 

[0009] *%HJ<?)m3«aW{±. J:iE!B2<?5aWK 
JD^ . < «Ifti-ft - t ft i 3 £ tfc 

3ttf $8S±^B*S«-fft - 1 K*4 . 

[0010] *^BJcom4c7)BW{±. *°^77 Srf'J 

tfTZ ft J: 3 £ Lfc*flHBiEfi«a*««t- ft i t izh 

fto 

[00 11] 

[tSS5r^-fft^^^®^ #&B|J<93fc1t$8fE®&# 

ii. jR^-rftB^ffl^Jt^'tx^^^ric-tft^s^a 

fflBSJt^W Sit*: k^C H£ffliR»i#<0BJK£fc 

^^^i^co^T^ftea^iR^srW-rfttwfiw* 

^^^$^ft^«WfgfEli«^k Sr«i.fctO"C* 
ft. 

[001214*:. *»BH««tetiHBPi4l6»±. ±lB3fe 

^3tffgB±#Sk SrH^t^t'ftft. 
[001314*:. *»BH03t1ffBE«SWi. ±te* 

3tfc i»S(S 1 coiei4fflBSJt3tc0lR^.'5.k^$^^^ 
^S^6ffi1Itci|J^**^6»2WsEflra!S«fttk * 
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[0014] *»W«(fifl!«SE«K(«'»4. ttffilEfilS 
[0015]**, *«Wftffi#B£2£«t:'(i, Si 

[ o o 1 6 1 *isw<o*iMiBE«SMrrti. fia« 
ffliat*B8»#a*= ± -> -c , 3tflHHe««* ts* t x , 

^mzx-yx. tm-t^mm^^x. mmmaxm 

If! 1 »iE«ffl!S»*i:»2<OiE«ffl^»3tfc<VF8 s *=«fc 
[00 l 7] 3ri>, sfcfKfJfctsvv-c. iR3**ki4, *S« 

[00 18] 

[ o o 1 9 ] m i t±#3£ B .H<7>^ i cr>mm<ommizm&?/t 

iiB^Sl 0(4, ^at<OJBBK:fiR43tflifBiE«Jl«* 
(UTF, mz%?f 4 bS o . ) l^BXO-Wft'bixS 
xbyK/Ulk, Z<7>^vYiV\ 1 £|h]Sk3-£&*. 



1 3k.£fiii*.TV>S. 
[0020] 3tfflfStei*S4il« 1 0(4, MK, *r * 

<?>mx'tm, s^wacwtisiac 

|6lC»»S-ii:6>t7-f F-9--#*tTdk*C. by?T 

>y 3- yy-v-xzut o -r-tfoss 1 6 1 zmtx v^s . 

[002 1,] fttiH8K»S£SS l 0(4, Mlc, H*.if 
(iy.T. Eccktia-r. ) fcttinrt-SECCfHwuiK 

17 k, d<7)ECC#JnH18Sl 7<?>ai^T-^Srl t'-v 

i9t, mmjj&mwxSi&M'o^y-t 

2 0k, E«^«^4«EI» 1 9 (O&jib^-^V- 
a>h n-;HUS§ 2 0 w&jjey-XZMViLt Vv7T 

[0022]f*at5J:3C. t^7vri5Kli 
2WS«W^ft-^ (UT, S±fI-5rS A kS^fi-^S B 
tlo. ) k, 7*-*xi7-ifS r k*>'tiJ^$^ 

fev^Tf^-t^xy+cxb-y h k LTffi«Silfc««K 

B (±, *r-f ^^.^ i^za^x'im-th^yv^Mmm 
\z*uyv -7 4 zmm LT£*s*ifc*«t=*^<ft^ 

ti-9-— tKEISS l 6lzXlJZti. if-5K08Sl 6(47 
[0023] ?tfl#iei*H^S 1 0(4, Rfc. b-y? 

mnmiv-y <wt, PLLkie-r. ) @ss2 2k, z 

cr>PLL®8&2 2frt>ihj}2tihm*7v-y7lzm'1^ 
XT—?^7 9 2\^m^x.h9^ s>^yfn 
-7 23 btmtX^Z. =5rB, PLL0B22KH 



[00 24] fttif?gief*W±i£Si 0(4. 
7771 5iOHi^$n^B*fi-§-S fl fcH£f8*S, 

OflJOtfti^U .y*2 4<DiMjfcA*U JUj£Stfttt<7) 
mmi'fid^ ^y^l J f25t. Z<?>4 n^A*f 2 5<otU 
;WI#£2flf f -7fctt^4 2ffl»*EIB2 6fc. d 

^C^Sti>8t'7 r-^M08&2 7 d«8t'7^ 
»HIi&2 7«>aMJ'T-7£7JjU KOIJlEfctT^T. 
S±T-^D„ &aJ^SECC1S^-IlII»2 8fc. WO 

-j^-iA<r>vm<rm. %mmmm^MW. 1 o 

& 3 ^ 7 2 9 i: itimtX . 
[00 2 5] 023t^L@4£#bSLT. 

2 14*^ 4*71 coMnffifcZm Lfc fc <0T* S . £ <0 
HK^Lfci^fc. 3tf-(X?lli 0Ulf;KU#-# . 

lt««s<i-cv^. *t£3 ui. Mtimmsmmz 

£->XBf&Ztl. »R3 l<oaW»W*«3 2fflkOHfc 

Jgeotf mzttm-f 5xy*X h'7h34 **T-«>t£f\ 
Jft3 *i/t vv& . jtfiimfMi 3 2 ttftl £ tfjtSl*^ 

Jf 3 3 t40>Rii'X tr>r»— h- Sti-5t*n^7Affl 
Sr^tT^^ixS. *o^A$mJl3 3<75J?* 
<4. Wilfl 0~4 0junvfU£T'£>l>. *d^7AW4 

l^SWW ( r W.K.Smothersfl!!, "Photopolymers for ho 
lography" , Practical Holography I V . SPIEOE/Laser 
Conference Proceedings. 1212-03, Los Angeles, CA.Ja 
n. f 1 990^j#b§) SrfflV^ 

Z\ktfX'£&. xy*'xt •/ h3 4#j£j£$*u:v , >&S 
«3 1 fc»!HSWtt*3 2<0**ffi#. ^Bjicfct-t?. 
H4ffl!H«3tiR3[««Jc«iGU. *n/5AfifH3 3 

/7A»413 3»±t. igBJ&fiMfJStSrJ&fcUrkll 
$#1.4. 

[00 26] 03i>itf04i47frr-r^? lfc*J*t*X 
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6. 03 (a) fcit/04 (b) J4*EK. ftr-f*? 1 
^ftlcfcft &x ytfx t° y h 3 4 coffiaS:^ Lfc t> VX' 

6h#f£tt*>*vC^I>. £#lfcir-:K«*»3 5i:7K 
l/XW3 6tli. fiifiixytoK y h 3 4fci 

353 5H«oR^H;faW4. j£g#$>ix{i\ i-ifr- 

^fioBffl^xy^ tr -v b 3 4 £ «fc o-riBH^tLS . 

@-C'{4m-(ttT*LTV^*v -9--!tf««aS3 5(43fe 
f-fx?i wticfctoTHiifi 4 o o#gj£l£lt 
£>ft&. 7HU^tiM8aJ3 6*«2fliBft:K»t^*i-Cv^ 

tfB&WR 0 TIEK* oTt. S-> fcflfcfr** £> I L v V7 F 
[0 0 27] 03 (b) (4. -9--#:tif$ggB3 5£i£*L 

«»3 5lct4. lh7y?£-?£, 3i<?)iy^t-7 
h34K5:l.t7h35a, 35b, 3 5c«h5 
•y7 3 7W*f6]^oTK{t^TV^„ Mffll^tT-y h 
35a, 3 5cll h- v -v 9 3 7 cOfybfr^K^^zWi 

xmz7ty*-y b Lfz®.mzm®.2ixx}5 r ) . iiifew 

2 0<5D t ••/ h 3 5 a , 3 5c tzttf&t Z>n£.tE*§r S A <7> 
~WI&tfmL<%&£olZtt®l'>X4lZmfr^-Zk 
X\ by tWnhti ZZolztc-yX^h. 

4i^tr7b3 5bli, b*7 '/7 3 7 <7)ip'L4zRS.£ 
ti. PLL0SS2 2t<itf4X9 l«o0SS(c|S|RBL^:* 

[00281 04 (b) (4. 7 F PXtiW&gB 3 6$:J£^ 

Lx^Lfzhcox-hh. zcnmiz^Lr^xo^z, TbU 

Xffi#ggP3 6W4. ^■h5-y^3 7<754"C^? / p'5"C. « 
fic7)xy,ifxtr-y h 3 4)&»4>*4 t-y bmtfmibtlX 
l^S. ClOf-y h^iJCti. 7h'VXfflrfgi; LT. h57 
7##?r#^T# I) J: o % b v •■/ 7«HB**«*«i4^ 

[0029] ±ISh9 -y^W^S^^jr— "7-y bt LT(4 

A-U7ft^- (CAR) Ii38a. (A 
M) f«38b. -fe^^tfffg (SEC) I)i38c. 7 
Kl^Xffifg (ADR) fiiS38d. A'Uf-l (PARI 
TY) SiS3 8e-C«jS^^T^-g». ^^'J7fi^®t* 
3 8alC(4. -®S^T'tT-y h*^951UBii$^-CO 
^<7)^^'J7fi^^3 8a*^. S£fl-§-£2ffi 

7HL-X-?-7fSlS3 8blC(4. ffc^x-^TH-ktf? 
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immmm^mm. 1 o sr^t* ^x^a^, z.<nrYv 

zm.m-r&zttfx-zz,. tkuxv-?s«3 
8bi±. ^zmzimztix^&m^coxf-bZfti^ 

y y 7 fflfgcod *>cofc' *>£>ffl$ij^ttJ Lrv>5*»Sr*f 
i>coT'&.&. Tb'^Xtif$8«l!£3 8cH;:KS£*i-TV*.?, 
TKl' Xfit*8<i , 1 6 b' y h co 2 JHRT h 5 -y 7 *> T H 
PX^^tT^I>. A-'jf< S»3 8efciE»£*VO* 

X. f&JxtfCRC m®KSktf&) Vfrt LX^Kh 
W5*&nLtzMi$mL>titzi><7)X'1hh . 77**-, -fe? 

**«*;fcttT H VX*«fcffi»LfcSMi'£3e7 s * X? 

licoXPfifr'^LTi. i^N'U^-f SrfgoTMOco 

[00 30] H6fc#HBLTt-y?T-y7'l 5<0 

1 co*t£ 3 1 fflllcMlSl-r 4*t*W VX4 1 . tfft 

^mm-i-^m^-^^ 2 t , #21^-^4 2 fc# 

Hl/yX4 1 fc*>filfc¥»*l'— 9*4 2WJ; 9IHC1ER 
$tl.3t3U^-^l^yX4 3. t'-AXTU 7^44, 
45, 46£«*.TV**. *»«cl'— *f 4 2 
fLfcW—WteJi. 3yy-^W>X4 3tJ:oT¥tT3K 
SSfc^fU h'-AXT'J -y ? 4 4 £Alt U — SPii, t' 
-AXr'j7?4 4^HL. h'-A^7'j7^4 5t 
&St£*U t'— AxrU<y^4 6Sr3S3fiL. WfaVyX 

£jI3&L, t'-Axr U -y ? 4 6 £ A£f t . — b*- 
AX7'J75'4 6^L. -aUib'-Axr'J -y?4 
6 T'RSt$iX'&±d£ : S:'>T f y^T yTl 5 
Ji, IC. jtityjUyXA 1 iOftT-rX? llcSRBfSft 
&3fccoTO6<OftH£3fc^ X? 1 0»§;firi*]J3 Jtf* 
WjfalzmhX'Z & J: 3 fctt^ yX4 1 co{2S£$iJffll 
*rt6fcT7f-a.x-*4 7fc«£'0**. i<077fi 
i-^4 7li, Hlfc^ti-t-'-KHlKl 6tcJ:-5T$i] 

[00 3 1] f y^T-yTl 5fcL MlZ^ *f-fX? 1 
ZW^X-ft^yXA 1 lc:Wf6]-t^ i o KKiSSixfcfii 
UyX48t. 9-'4 2A^HlM$ixt'-AX 

T U y * 4 4 TRS* Ztltz U— &\s>XAS<7)% 
f<X?l{:(iCTM^<S7-4 9, 5 0, 5 
1, 52t, 55-50, 5 liaKEIS3ixrt:i'-v«y? 
53t*m*-X^h. au>X48li, 57-49-5 
2CJ:^-C^iX3tU-if7feSr, fl^>-X4 8ffl|fc:*J»t 



y 2 9t,z£~>XfflW2tlZ> X 3C3roTV*4. 

[003 2] t7^77715li, SIC 3fcr<r*?l 
A^<?5H0^cOd*>t'-Axr'J -y^4 6Srj^3§L. b' 

-Axru 7^45 &m&Lt.iit<?>im±.izmmztitz 
x 5 5 zmm L/atfcs**-* 4 ^i^ais 5 6 1 . 

£<04#tiJ#&ai&5 6«04oc0^SP£0=S-aj^m-^^ 

fflv^-g^^^To-cS^fi-f-s,, t:?*-#*x7-fi 

#S F £liiJ]-?&-?bV v7XT>757 t£mtX\^ 

s. 

[0 03 3] t y^T yTl 5ii, MIC *f^^l 
*>t,<7)il9*cod *>t'-AX7'J -y^4 6-C'S:St$iX^ 
3tW3K»±fc:. b'-Axr'J y * 4 6fflU; 0 WrKISS 
iXTtlH 1^X5 8, b-y*-;l^?«6 

OJ3J:lf3t«taiH6 1 SrfiB^TV^.. B3l-yX5 8(i. 
MS^-f X^ lA^^MO^d*), *u?7A*mJf3 

m3t^>-X5 9(±, dc7)T : fT3te«lSrb->'7n-;l^W6 0 
cob- >*-;UtrJS(USC**Sfci!J: 3 6 <t 3 C^roT 

1*4. 3tt«iaj»6U±, by*-^W6 0cOb">^- 

S B tta^j-rSiat'SroTv^. 
[0034]^ *HS6co^tc:^2.3teffl$Bf^*S^ 
gllO cotftf^h 3tr ^71 co#fflCov>T^-r 

[0035] 4i\ *fa?l lcffl?g5riB»-r&*^ 

fcowcKHH-r*. ^^^-^ltixb-yh'yn 

XbyF^-^IUSSl 3C<toT*^c0lsHK 
»t«oi 3t=IM»3*iT. Xb-^F;^-^ 1 2 

y V a-;HUS§ 2 0 cOtH^) S: b y ? T y 7' 1 

yhn-;HUK2 0J±, ^4 2<7)|±5^5r®W 

[0036] ¥^<*:^-1f4 2*»*>aiSt$iX3tW— 9"'* 
j±, aVX-fh-yXASlzX^XVfiimtZti. b* 
-AXrU7^4 4CA«L. -a»i. b'-A^TU-y 
?44£jgi&U b*-AX7*U-y^4 5 ? C^Jt$il. b* 
-AX7-U -y^4 6^@iSL, tt®}UyX4 lX-MKZ 

fflWi, S«3 1 ti1ifft:i3 2 i:C0«^-r^ib*> 
xy.-KXt-y h3 4*<^$ilTV^(aa-C$>-l>. 
3 1 fciiHai#S;ftJf 3 2ti®tJf**^47t^. 3t-r -f 
X^ 1 fcHBItS*Ufc3feli»R3 1 t^P«*«3 2 1 
co^-C-RMSn, ^-col^, xy^Xb y h^iJlcioT 
3MEaS8*S»t. M0*i:LT^^>'X4 H;r>\Jt-f 
6. CWHOitJiWW^^^ lT' :s F^T3mi: : 5:0. b' 
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toX'K^l,zMj!i&t&Wm%& <fc 3 tciR-S^iiT 4#gb£ 
fctilfl 5 6 iC ASt L . «5Rfi#K5S»S <14 . v M> -y 
7X7^5711 4^m^mts5 6£7)40<7)g3ta5 

<7)&\x,jim^&m^Kmw.£'fr^T:. x^.+:xtfy h3 

[00 3 7] W£fI^S fl Jil31^iJ{t^»PLLlH]S&2 
2t-9--^0SSl 6fcA:tJ£iV 7*-#*x5-fI-§- 
S F tt-9--#0»l 6*=A*S*L4. PLLIh]S&2 2«: 
Sifl-^Sfl izm-l^X. x^;K*b°y h34fc|5]^ 

o. W±ft^S fl tt. 03 (b) t^LfcCvh 

3 5b t~*fj£-r V»il(B«O^C0Htiftl- b -y h 3 5 
a , 3 5 c dfcfJ&rS'hS V^il^^^fcSiS^TS) 
0. b-yt-3 5a, 3 5 ciZftf&t&&ft<W5ffitf f &L 
<tc&£dl<zMfy\VyXA 1 Sr^iS^&dkT't^-y 

[0 0 3 8] 3£r -f lfclfcvvt. xytUt"7h3 

W*fll««3 6 (OT. Itif»^t--fx'JTt¥ 
5„ ) (i, ^WWt^tA>iT-"C^&. 01 l^ttS 
Sy/3yhn-72 3ll PLL0S&2 2*>£>c0?u 
■y> £> d fc t3i 0 . IfcW-tfx ij Ttmtlh 9 

f% ^_-fV?v-3yba-;HD]K2 0 coffin* 5 *** 

•kW&$%mk<r)9A sy/Tf-^tW^2 1 £W 
■JIM. 6. iiitiO, Hwt^-^-sKxursaaM- 

o-/H38& 2 0 lc i o Tjgffl&f^lX 0 '^V- 1 % h X 

oiz®mzti&. s&wro^v-ii, -m.mztm^^ 

[ 0 0 3 9 ] 3fcr -f X? 1 C*3lt&-F- X 0 TVm<F> 
yho-723li. mt%#-V -*x 'J TW\-cr>mi&* 

aatfclSL r-^-few? 2 1 s-i^nvi^x^eiss 
1 9 wcwoai & . i o . sat****-** 'J 
r^«o«*fiS:ii*r*ia. laii^vux^iiigs i 9#> 

H1JS1 9A^K£i^X#ffi?j£ft^k£l;:<i, 



3tciei*^^tf#k : S:i»^i.«8b--y hm&Wffiiix 
-?D g t±. ECCf+mmKl 7tCi^Ti« , 5iTIE^ 
(ECC) *««t0Six. T-^SSftHKlSKioTl 
t' y h*fi!w>fg-*fc:3!»S*u £<oe#fcSr*wcE» 

<7)sm'VUXtf*mWU— T4 2fc:;Uj3;h.6. 
[0040] tiWHiEfiiSfcfcv^C . ^Wttl'—yM 2*> 
£>aj8*SfU 3V* — ?]s>X43T I Pffl£i&b2tlfz 
U— «r34«OJ:5«C. t'-A^.7"'J y^4 
4, 45, AbUXX/n^yXA lSr^T, S^3 1 
Mi 9 , * 1 WlEiifflgsJt^i: UT*r ^ * 7 1 t3H» 

-A^rU-y^4 4fRjt$iT.. ;7-50~5 2fc«t 

yeii/vX4 8$:g-c. *u^7A*mjg3 3^iJ; , ), 

[ 0 04 1 •] H7I4. ±a<OJBl<Offi«fflBa«3tti:*2 

6 3 tiSPl <Offi»ffl!«Bl*, 6 4 Mft 2 «OSB«fflBSM* 
*K0lE»fflS!8it*6 3<0JRSjS-6 5<0 
filtt. S^Bai*3te^iDGRjiS<OfiHii:RIt<*«3 1 

t jg<5!i8mfrjf 3 2 1 co^-t^h-h^y^x b° -y h 3 

4* i ^$iltV^I>{aaT'$>-S>. — m2 0lElifflBS 

la^figT-S) i.si coimmmsmt e 3 1> m 2 coie# 

ffl.KJ*3K6 4 i> . ^ix-eixcOlR^.'iC 6 5,66 *^*t± 

^8**^=5: b. zzx\ m7iz&^xminmmmt 

* 6 3 <0J^» t m 2 <?58E«fflSHit3e 6 4 * s 3cH 
■rS^^6 7, 68i:t§i:. ,467, 6 8klRiil£- 
6 5 , 6 6-CH**i4S9B0>S* (2gHWt:J±2ooR 

ItfflBBJ*^ 6 3 i: IS 2 iOieiifflRSSt^ 6 4 

LTV»i>„ ZCDW$i6 9X'li. Z.iXt>2m%<n I f-W<7> 

3 3tid<^$6 9rtC<ag-$-Stfrt\ ISii^^xfcjE 
tr^HWltU'— ^ 4 2 WiftfrWEflW-fc =fir->fci: # 

4 2«oai^*^^IX0^V-cOi:#fc:{i:. ^V-AH-fr 
/Jn^VWOT. ^o^5A«!4Ji3 3lCfi08tc*L^J: 
5 i9—~y\5Sd&Ztvb^fr~ S> !> v> 14 3 > h 5 
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6. 

[004 2] £<7>£-3tcLT*o^5MmJI3 3-^(75 

[0043] mz. CcO±ofc:LT3\:T<fX? l<0*u 
fvhMfm 3 3 tOEBSiifctiBB*??^**^** 
W$8IE»lf^S l 0 ffMfc i: 3tr * ■* 7 1 ffl Co 

3»iBHtfc*U Jtfa? lfc**l/C0U>'X4 8Wa» 

i^-- ba— ;ngg§2 0£7)HJ^'¥^{*: 
1--— if 4 2t,zAJl2ti&£o£r : -iy-tl'7?2 1 &R 
j^Ti. £*il=J:»K ¥SK*cW— 9*4 2*>HWjUU I"- 
-tf/N-V-3yha-/HHlSS2 OtcioT, atCJiflJ^:^ 

JttiTfSSrff^U a#?u-y ?£?S±U 7t-*^i 

[0044] ¥3M*c^— f 4 2*»^ajSt$<xfcM»lX0 
^7-«I/- !f3ttt, 3'J^-^L'>'X4 3lC<t-5'C :! F 

(J, f-A^.7"'J •y?44£3§3&U b'-AXT 'J y ? 
4 5T-K:S*£tU b'-Axr i J7^4 6 5:gjSL. 

<i, *^3 1 h^BICfM 3 2 fctfOil^-r&i^xy 

fflsatatn. *D/7ASM3 3tii, mi^>iB«ffl 

■&tf#63fcHaUc$^fc^>T^*. iiT, *n 
^7AW^13 3ct)9*>, @8£^UtJ:5 5 5^F8 i ^ 

k, *D^Affll3 3A^li. «a^E«*t:J3ft 
6aS2<03E«ffl«Bt3K6 4k|S|t»ttS:l*t>. Ht*l*I 

^s*^{±. im\svXA i(ca»u. -ss^'f-Ax 

7"'; y^4 6-C'RSt^ix, mv>X5 8 tioT^tT* 

[ o 0 4 5 ] 3rfc. tVTfc-JHWtt 6 0 fciii, S£ffM 
Sf 3 1 k £93i«fMI 3 2k ^tf^T'RM LT 



6 0<7)try*-/l'±T'iR^-ri>^i:(i^<, -ew(JkA 
fc'{±ty*-;l^5«6 0CJ:-5-CjEBS$ii. *^tti2s6 

[0046] -KOioCLT. 3tfU? l<9*n;/^ 

3 3 c§&* £ titz\nm^im±m^ s B ti 

■C. xy*^K-yh34t:J:->-CiE«Sii^fll«k*4a 

[0047] S£ffi^S B iOH^T-'-^D,, £»S(C 
i±, S£fI#S B *M=79^-9 I 2 5tA^^S<J;^C 

ffimzmtitzmmmfr t oa^iam** 1 !** s *t » 2 

fflfI-^0S82 6 fc«fc -j-CS^fl^-SB cOffiifStftoT 2 

b' y h^fitfyf-^CSai^il. JMHCECCa-^EIK 
2 8 iZ X -o Xm 0 SnEA t fr*>*U %rr*X7\ JiCSqt 

[0048] sfiriJ, W&<7>£ 0 lZ%rr4*7 1 

jiy^x f7b34ti ->Tte^-r £ i k tf-cs * 

WO^i-X-f ^f-24*flj")«i6. i*tt=±0» ^ 
t;xb-7 h 3 4 (c«t oT32«S<ifc««fca^^TH^ 
x-^Dr *'&hZ\t1fX'%h. =5r*3, 
5 If 25, 2ffi1^§-®8&2 6, 8b'7h^lHl»2 7 
fcJ:WfECCa^ig»2 8S' lffl^ttlSttT, flJ'Otfti 
X-f •y^-2 4CJ:-?-CS±ft^S ft kW^fl^-S B CO- 
*t jBSWfc'f 3 5 -f if 2 5 lzAjJ-f& XdliZ LtatiK 

woixx-f 7t 2 4 Jittf S4i^s ft tn± 

ff-sf- s B co-eit-fixtov >f 3 5 if 2 5 . 2 ffiffl^- 
0S&2 6. 8t'yb^08S2 7*iJ:t/ECCffl^0SS 

s B t,z£hn^-?ttfmmz'&hixz>iioi,zLxi> 

[0049] tfe. ^m^mmx'M. wfgoiaisks 
^c7)ji7j act wti himmmm£MW. 1 o «o 
^l^^f tzfiK 0 9 Lfc«fc o i,zmmo%&&£v& 

V b- -y ^ T -y r &m V ^11 

[0050] jjLtRHB b?tJ; 3 tc> *mm<nBmiz&& 
atTixfi *>£Tfxmmtmft£MS; 1 o tj±. mi 

S±fflB?Jt7t«X^ffl« (««3 1 ka^K«fMi3 20 
^lEil^^t LT<7)*o7'7A«^Ji3 3 k Sr^-TSTt 
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-y h 3 4i:i -)TB»8ftfcflffliffl^t» 1 WE 

mmwftftnim&tt'rso «t. ss i coiafifflssstft 

[00 5 1] 3rfc. iy^t'y H34fcJ:6fflWii:* 

[ 0 0 5 2 ] =5r*K m^Skti. 9 

*&->X»l>b.&frt&9BR (St) «u£«K 
Ztimi£&5*;-t'5t£ft.l> (G Bouwhuisflt, "Principl 
es of Optical Disc Systems" , Adam Hilger Ltd , % 

195 as-^bs) . tzfzt^ (na) itm^y^^ 

[00 53] 

mi ] Z = ±A/ {2 (NA) 2 > 

[0054] i/;. 3***o*!B-Cli, H4ffl^Mt3tk 
l/yX4 1 £iiSS-r6<J:d£Lfc<0T\ 09l^L^J; 
#ffl^)*fl!«H^§6B*«J« b° -y ? T -y TV) 

[00 5 5]^, *H)5£co^®T(i. ffi»l$fc. W 

^^—^4 2tf>ai:Jj£$5fl:s-£T3s 1 <9ietiJB!®W3fci: 

[00 56] 01OSr#BS.tT. *fB^«»2<0 

iijifco^tcoi-'-ciBBjw- s . *mm<oBmz&&Mn 
mmmzMW. 1 o -m. 0 6 l*i tr 9 r 7 1 

5<7)ftb9t~. HlOt*Lfci««t7?7777 0 
£JfJwcv>.|>„ ;«0t" y7T-yT7 0{i. Mi»T7 
rt-^Jffl^tt'y^T'yri 5tCfcfti>fll^>X4 
8*3K«*l»lK»«=nigi:t-*T^f-AX-^7 1 
I3I«(cWx.(f Xf 77t-? £rffl t -y 7 T -y 71 5 



1-2.3L—?7 2tZWilitzl><r)X'fo r ). -fcOf&cDflijS. 
1, 72»±» HlfcJ3tt43>No-529t:J:o"CiW 
[ 0 0 5 7 3 i^C, *^M«0JB®^«^3lcffl^iei*ll^ 

^T£bl^X4 8£3m*fll^iJ);s-ti:&J:. ^2<0fB 

133 fc#«E*t 4 - 1 & • 
8W>J:3fc:LTfT3. *n^9A^«3 3 (CflH8#* 

fL7t3tT -f * 7 1 £ss i <v%Mcmmt 

t'-AX7ij7^4 6, tat-^SSfcil^m^^X 
fii-^ 7 2^ioTtai^VX5 8 Sr3fef*^rr*ll-^i& 

W^t°y*-;USPW6 ocof>-^-7P±TJR^-r-i> J; d 
C 7;tiX-^7 2lc:J:o-cm]W^X5 8S:7tfa6rtr 
mtSBWIS * & i i: t i o T, *Sccotf#S^W 5 *> 

[0059] 413. *o/5A«fl)|3 3tCfflfg$r^-* 
ik36*sa±L^. 

[0060] icoj; 3 td2|s|Ufe^«®^J:it«. 
5 Aim* 3 3KflHB**S8E«-«-*ik* J "CS4<0 

[006 1 ] JXfc:. II 1 1 £#81 UT. *»W)»3<0 
*tt<?W»!Bk:ov^T»W4. Hi Hi. *^Jt«»!B 

iS«0»3Bt fli l,^f-f^80ti:.^l co^Jgc^^l- 
fiSS3tr -f x^ 1 t=lsv^T*o^7A»»a3 3fcrfEil 
$ ixT v fgSrx y t y h tc i -s Tf Sfi t/c h <r> 

±->T#j£3iifc»R8 lco-ffilc. SS3 1 ktiS^f 

2i. 7* hV^hJ18 3i:. CT^Jfr^S-^A** 
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*u mms i ^HJi^fl:*® 8 2ffl(Dmza. ^icr>m 
n&mmz.&hitT'i*? i £ pishc, m^nmrnizK 

j£^|,xy;Kx^y b8 5#i^^j££*VO^. jg 

jgtfV^-yfcllftU bl^' 
M/ ~>'x b Jl 8 3 tfOttfc 0 fc*JM*flHk«llllJB * ffl v \ 

mwmmfam a 2 t x tr y b 8 6 Sfffl^x ? y 

«H«flMbW»*flMtS*"CX>'^e -y b 8 6 
-J-SidfcUCfcJ*^. Rft*8 4{±fiJx.(±'*^l8*-ft 
^/^•y ? »J iXB&Zti& . J: 3 (cL 

mm<ommtnmx'hh. 

[0062] *mmcr>Bmiz&&ytr ! ixtsotzxti 
2r><7)mt,zmitzti&^?ti?>mmi>x->#xv-y 
hizx-oxsmznx^&nx'. mm,^.Bmm.^m^ 

%mmv>Bmiz}iiir&z<7)i&<7>ffi&L* ^muxi/^ 

tmrnx-foz. 

[0 0 63] SC. 01 2&^L01 4&3MHLT. * 

%.tycom4 wmmoBmiz-o^xwpftt $> . **ss«ojg 

2c0lB»fflKjt^^fflv^T, If! 1 nm^BW.z\%h± 
■f -f X 7 1 tf)*o;/5 A*mJf 3 3 L-CW$8S:fai* 

ieffliS^«T'{± , 0 6 izm Lfc K -y ? 7* v 7* 1 5 
{t£>-^-y:?5 3<Dftb9£. 012^^^9:5:4 
#§i]<7>;^-y?9 1 £t£trtV"»l>. ;«^'y^9 1(i 
Ztl-?ilJEjjBtf.cr>4r>cr>mi&9 1 a~9 1 d£*U 
#®1£9 1 a- 9 1 dtttcShiCaattJBfcjBJtttJBi: 

zwRX'^hkoiztox^h. Z0)i/* v?9 mm 

[0 0 64] S*^03^fcffi*#ffl*iBi*K£ 

$mX'it. 06lC*Lfc3\:#Jil*£6 lWftbOOll 3 
^t^ct^^4^-Si]7t^aitl9 2Sr^fC^-l». CIO 



44MW3t*aj»9 2\t*^itfttBWF>A^><ry§M 
9 2a~9 2d^<"LTV^I>. #fM9 2a-9 2d 
«cotU^fi-§-{±, ■?^rw^-9-9 3K:J:oTIt<«B« 

[ o o 6 5 1 0 1 4i±. ^si^^si^&ftffifEi^ 

S^a^fl!S;S:^T T'o -y 7 0-C& ?> . *9&&<m®& 
fcfli f> #flNBIE»?l£SSB 9 5 ti . 0 1 IZk Ltzfttiffl 

mm&mm 1 tawr . ^nm^-- «r4 20 

2i(i U— fj^-ayYn—)V^,20<7)^nh\^ 
y bo-;HllS89 6<7)ti5^]CO— *2rSS?L 
•C^NWItl'— T4 2^tt*&-r&J:3{-^'>-Cv^. & 
ti. 3tefiHfiE«B^1I9 5tt. 01t*L^;3tffl^fe 

><^.y^9 lSrigSrrS>'-v«y^ffii6l2lK9 72:(i 
^.TV->2. 0 *^llfeco^StC*JV^T. 7-?%ZWiW 1 8 
H ECCf+jDEIS&l 8(7)^^-7^ 4 \z v b^fifW 
f*_^KSE»L. x-r-y^Wi!)ini^9 7{i7-'-^^0 
SSI 8A^tiJ^^^I>4 t'-y 

T-'-^^^CJEtT^-r -y^9 1 £ii»T£3te<7) 
ffira^S^^^'S^-l) i i: J: 3 fc. y ^91 
co4o<7)3Ri$9 la-9 1 d Sr$ijffl)-ri. «t d Ci-^t^ 

[00663 act. *mmnBmi l z&&mimmu!iL 
$kw.9 5<nmmz^xwmt%.> a-r. 3tr^^^i 

^-'_^-tl^^^2 1 ify^V— ny bo— /H5ISS9 
6 OUCflJ WiS. i ixte J: 0 . «BM** t lT-'Kx y T 
jaJ1^)fR«tii3iM"tBI. ¥IW(cW-1f4 2tf5aj*Jdai 

g (1 ECC#iP0ISl 7fc±oTKDiJiEflr#aHMll 
-r-^^tnissi 8lc<t^T4b'-y b^.{i«r— 
^^JtSil, :«f- ^'CSo'v^Tv'^-y ^$ijfflllel8& 
9 7tJ;-5-r. y+7^9 l«4o«{|S9 1 a~9 1 

tr >-vy * 9 1 £a»rs 1^— 9%&^iaw(c3sa2R 

commnBBtmniz^commmiftt vxyt^^i 

X£.t&=F&^?->tf*w7'7A.ttf-\S3 3lztm% 

m. zcoxoiz^ *mm<mmx'it, 4t*-yb^&co 
i^^^ns—yvz^^xit^yyhMPM 

3 3\z%m^hc\tt)-X'%h. 
[0067 ] 3fc-f l3&»fe««*H4-t4«^*= 
{i. aybn-7 2 9A 5 ^-v y^lgll)lHlSS9 7Sr$iiffll'r 
S^tUot. i/+7^9 1O4O£0ll|9 1a-9 
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^ffcb— if 4 2 IZADZn&Z 9 2 

lfcRJETft. £*tCJD. !f42<0as* 
(J nyha— /HUB 2 OlCfc-oT. ^1- 

JiW&0i*IX9^7-k&ftJ:3fciWfflS*i-ft. 

i(cbs»s*i6. zcm&m&MfttfmMZix&t . * 

a^5A*mJi3 3A»feJ±. HWH«0iE»«M=*J»tftSi2 

WlE»ffl^Jtofck|5]t#tt£»*>. Ht;firiSlfc:i*lA»d3te 

miftt la! t i a fc£l^fc5S*33itf*i*:*k$:ft . 
^C0fflfg|?*3t(±. «*V^4 1 . t'-AX/'J y? 
4 6. D!ll/yX58, m3tl^>-X5 9, b>-*-/UglW 
6 0^fy*-;U^-C. 01 3£ipLJt4-JHM3fcfciti 
»9 2fcJ:-5-C«*3ftft. iiT. 44MH#Jftai»9 
2C0#S3^P9 2 a~9 2 d{±. -til-Pf-U fit$BB±3\: 
cOo*>. >--^y^9 1<7)#®JS9 1 a~9 1 d5-il5SL 
fc#fc»^ft»#*5»l^ft J: 3KE«3*tTv*ft. 

44MM#*ai»9 2tf>*K3e»9 2a~9 2d 

lei 0 . tfn^AttflJiS 3tfBi*^ix^4b' y 
ftco^-^coBfe^fiEk&ft. 44HW*8ttB«9 2tf> 
#38363159 2 a~9 2 dfttf>atfjffi^li. v;l-?-:ri^ 
lT9 3£J:^TJ«aaHR3*U l$^iJWKB£fI^S B 
kUCUilJjSfU -0^4 If 2 5izXll2tl&. 
[0 0 6 8] Zcr>£ot,z*mmcoBmiZ±Ktf^ W.1<T> 

mimmiyt* 4 1* -y i- <of- * t i -> x g.ism£&& 
<nmmi<zycKxmmM.* 4 fg^-r & - k a^^m * 

ft. fc*5* *SE»flMBSi'Cti. »2<O§E*JflSK0N'3te«:4 
t* -y h »f- * «fc X^mzmS^cM LtztK 2 b* 
•y 8b'-y h^KOflScot-y Mft<0-r-*fcJ:^"C3E 

lawtssflaast-ctftv^ >-v-y?9 

lfcJtM4H^l*ai»9 2^b9fc**«.-e*u b'-y 
hRtiG tfc^HWaoi^-v -y ±tx*«aj»*fflv^ 

^s&mii . ^ 1 <o mM<rmm t nnxh ft . 

[ 0 0 6 9 ] *is. *5fiWt4±iE4HHI[<'MB»KIR^S 
ivf. ^-tf^-tf^&k LTtiHuftK 

^SKKB^-f-M 7X-y^'ffi^c0ffecO*ffi2:fflV>ftCli: 

3 b*-A&fpOfl&cJXfrj££ffll>ft ZtWX'Z ft . 
#HSfi<0Jgffit:l3V^'Cxv^Xb'-/ M-ioTiE 

<,zz.~>ximx°ztamwx\ xy^xtr-y koto? 
■ wztt^m&m^xmiLx i>$k\->. 

[0070] 

[«w<oj»s ] vxtmm ttzxo tzmem 1 l 6 *> 



Siffl^Jt^K^^JSi-ftfia^fS^^ix^B^: 

*f6]tov ^-cn& ft ffiatatt s>*u s^fflsatsfews 
v^r^ft^tiRSjfi&^rrftflHBS^t^^s-* 

ffik =5rft k ^SSrSi-ft . 
[00711 ifc. f«*iI4lESSc03tW^8iE^*CJ: 

nar, sv»fc»s*iancov^ra«rft 

d UfcO-C. If «J« 1 iEm«03ttPgfE»^ft:W$tiS{c 

[ 0 0 7 2 ] 3t*«5iBa<03ttiW8iEfia«*Ki 

^WfgB^3t$:^$^ft[Hfl$rmt3tcot', it^ 
llE«4^WfSIEI*««=o$&m^Sai.> #*«iE8*{* 
<0*«4*36*arffii: * ft k v ^ ^mtrS-T ft . 

*Uf. tf$Sf^ffl^\ S2«Sitrv^ftW«t=fi!o-cS 
SE»S**tt*3tf* i k ft k v^a S)*5r^-r 

ft. 

[0 0 74] 4>fc» fflf*^7*V^Ul lWV^ixA>llc 

B3Jt*iR*«t*"C"iR^-*'SS^ffl^Jt^Sr^St-rftS4 

ffl.BSJt3tB?.St*a k , £ «0S^fflaiMt3tKat*St J: 
T3tffl$BIE#i«^^» fCS^fflBBJt^Sr.Bgtt Lfc k * 

C»^*iftfl!«?I^Sr*tf3^fra2«^f**»6<iOR 0 

i/6zmitiLxm&nm££ftom$m!k¥-&t £ffiz.tz 
m%cr>im.m>*'fto - kf, w*fflBast3e«ofiBB»ife 

^«Jg^< fT oZb *n»rtSk 2rft k ^ 3 2&*£*f ft . 

[ o o 7 5 ] a*:. m^m^mcrm^mM^Mmitzx 
^n&t*izim®mm^^m Y )ftz%iiz>rzit> 

KfflV^itft^<^)3t ! ¥a»f*%-*"ftW'C, M*«7ffi 

■T ft £ k ft k %)%:£m-f& . 

[0076]**:. areas 1 osm^^m^mmz 
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cry— oZWmizi&\£^hmR^WLtt-th<nX\ ift£ 

[oo77]^, mxm 1 1 im<r>xmwn£.mmz 

TtifSS^S*^ 3 J: o lz LfzOX\ fi*JH 7IBK^5t 
4. 

[0 0 78] 24V^U1 4«v^-fix*»l 

Sr^f &*S 1 <0KIWB!!SM#J: 1 wieiifflHS^ 

. tmt&mmizi&^x » K8fflSRWt3fc§ra»*8fc 

i oTSSSfiS flf 1 OKIBflSHtfti: SB 2 oSE&ftgg 

[0079]ifc. 1 3lEtt<0*fll*ie«Kitfc 

iM, ie»fflBS»5Wf#g^\ *2*>iE»Jfl&lt3fc 

d b afreet % 9 , *«*BE«tt*«>iE«S***^* 
[0080] 1 4 iBttcOftffi fgfEli^atc J ft 



[0fficofSm&iM B Jn 

[Hi] *^ B ^com i <r>mw<rmw,z^h^M^MM 

[02] #ffcHJ!<05S 1 <nm^mW.z^h%rf -r x ? <0 

wm&mi^twmx'-hh . 

[03] *^com l <rm^M^z\%h%ir * x?\,z 

tovthz-vftttt y ^mm-thfztb^mmmxhh. 

[04] ^H^SS 1 <OHfi£<0»SK«S3l£r \,z 
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(54) OPTICAL INFORMATION RECORDING MEDIUM, OPTICAL INFORMATION REPRODUCER 
AND OPTICAL INFORMATION RECORDER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To position an applied light 
with high precision when information is recorded and 
reproduced by utilizing holography. 
SOLUTION: A transparent dielectric layer 32 and a 
hologram material layer 33 are laminated on one surface 
of a substrate 31 to form an optical disc 1. An embossed 
pit corresponding to the positioning information, etc., is 
formed between the substrate 31 and the transparent 
dielectric layer 32. Recording lights are applied to both 
the sides of the optical disc 1 in recording. The position 
of the focal point of the 1st recording light is on the 
embossed pit and the position of the focal point of the 
2nd recording light is on this side of the hologram 
material layer 33. The interference pattern of the two 
applied light is recorded on the hologram material layer 
33. At the reproduction, if a light having a focal point on 
the embossed pit is applied, an information reproducing 
light which has the same characteristics as the 2nd 
recording light for the recording is emitted from the 
hologram material layer 33. 
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[Scope of Claims for a Patent] 

[Claim 1] An optical information recording medium 
comprising: a reproducing illumination light converging region 
provided in a position corresponding to the point of convergence 
of converging illumination light for reproduction; and an 
information recording region for generating information 
reproduction light having the point of convergence in a position 
different from that of the point of convergence of the 
illumination light for reproduction in a depth direction when 
illuminated with the illumination light for reproduction, the 
information recording region being provided in a position 
different from that of the reproducing illumination light 
converging region in the depth direction. 

[Claim 2] An optical information recording medium according 
to claim 1. wherein information including information for 
positioning the illumination light for reproduction is recorded 
in the reproducing illumination light converging region. 
[Claim 3] An optical information recording medium according 
to claim 1 , wherein the intensity distribution of light obtained 
from interference between first illumination light for 
recording having the point of convergence in the same position 
as that of the point of convergence of the illumination light 
for reproduction in the depth direction and second illumination 
light for recording having the point of convergence in a 
position different from that of the point of convergence of the 



first illumination light for recording in the depth direction 
is recorded in the information recording region. 
[Claim 4] An optical information recording medium according 
to claim 1, wherein the information recording region generates 
5 a plurality of beams of information reproduction light having 
the points of convergence in different positions in the depth 
direction. 

[Claim 5] An optical information recording medium according 
to claim 1, wherein the information recording region has pits 
10 and projections for generating the information reproduction 
light when illuminated with the illumination light for 
reproduction . 

[Claim 6] An optical information recording medium according 
to claim 1, wherein the information recording region generates 

15 information reproduction light that is spatially modulated in 
intensity in accordance with information recorded. 
[Claim 7] An optical information reproducing apparatus 
comprising: reproducing illumination light illuminating means 
for illuminating an optical information recording medium 

20 including a reproducing illumination light converging region 
provided in a position corresponding to the point of convergence 
of converging illumination light for reproduction and an 
information recording region for generating information 
reproduction light having the point of convergence in a position 

25 different from that of the point of convergence of the 

illumination light for reproduction in a depth direction when 
illuminated with the illumination light for reproduction, the 
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information recording region being provided in a position 
different from that of the reproducing illumination light 
converging region in the depth direction, with illumination 
light for reproduction that converges on the reproducing 
5 illumination light converging region; and 

information reproducing means for reproducing 
information by detecting return light from the optical 
information recording medium, the return light including the 
information reproduction light obtained when the reproducing 
10 illumination light illuminating means illuminates the optical 
information recording medium with the illumination light for 
reproduction . 

[Claim 8] An optical information reproducing apparatus 
according to claim 7, wherein: information including 

15 information for positioning the illumination light for 

reproduction is recorded in the reproducing illumination light 
converging region of the optical information recording medium ; 
and the information reproducing means reproduces information 
based on the information reproduction light and information 

20 recorded in the reproducing illumination light converging 

region out of the return light from the optical information 
recording medium. 

[Claim 9] An optical information reproducing apparatus 
according to claim 7. wherein the reproducing illumination 
25 light illuminating means and the information reproducing means 
have a common optical member to be used to converge the 
illumination light for reproduction on the reproducing 
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illumination light converging region and to receive the return 
light from the optical information recording medium. 
[Claim 10] An optical information reproducing apparatus 
according to claim 7 . wherein: the information recording region 
5 of the optical information recording medium generates a 

plurality of beams of information reproduction light having the 
points of convergence in different positions in the depth 
direction; and the information reproducing means has selecting 
means for selectively detecting one out of the plurality of 
10 beams of information reproduction light. 

[Claim 11] An optical information reproducing apparatus 
according to claim 7 . wherein: the information recording region 
of the optical information recording medium generates 
information reproduction light that is spatially modulated in 
15 intensity in accordance with information recorded; and the 
information reproducing means reproduces information based on 
the intensity distribution of the information reproduction 
light . 

[Claim 12] An optical information recording apparatus 
20 comprising: recording illumination light illuminating means 
for illuminating an optical information recording medium 
including a reproducing illumination light converging region 
provided in a position corresponding to the point of convergence 
of converging illumination light for reproduction and an 
25 information recording region for generating information 

reproduction light having the point of convergence in a position 
different from that of the point of convergence of the 
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illumination light for reproduction in a depth direction when 
illuminated with the illumination light for reproduction, the 
information recording region being provided in a position 
different from that of the reproducing illumination light 
5 converging region in the depth direction, with first 
illumination light for recording that has the point of 
convergence in the same position as that of the point of 
convergence of the illumination light for reproduction in the 
depth direction and second illumination light for recording 
10 that has the point of convergence in a position different from 
the position of the point of convergence of the first 
illumination light for recording in the depth direction; and 

modulating means for modulating, in accordance with 
information to be recorded, the intensity of at least either 
15 one of the first illumination light for recording and the second 
illumination light for recording projected by the recording 
illumination light illuminating means. 

[Claim 13] An optical information recording apparatus 
according to claim 12, wherein the recording illumination light 
20 illuminating means has convergence point position changing 
means that is capable of changing the position of the point of 
convergence of the second illumination light for recording in 
the depth direction. 

[Claim 14] An optical information recording apparatus 
25 according to claim 12, wherein the recording illumination light 
illuminating means projects second illumination light for 
recording that is spatially modulated in intensity in 
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accordance with the information to be recorded. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] The invention relates to 
5 an optical information recording medium on which information 
is recorded utilizing holography, an optical information 
reproducing apparatus for reproducing information from this 
optical information recording medium, and an optical 
information recording apparatus for recording information on 
10 the optical information recording medium. 
[0002] 

[Prior Art] A number of systems such as the one described in 
literature 'George Barbastathis et al. , "Holographic 3D disks 
using shift multiplexing," SPIE Proc. Optical Data Storage, 

15 1995. Vol. 2514. pp. 355-362' have been heretofore proposed as 
a holographic optical memory system for recording information 
on an optical information recording medium utilizing holography. 
For the recording medium described in this literature, two laser 
beams, that is, a laser beam called object light which is 

20 modulated in accordance with the information to be recorded arid 
a laser beam called reference light which is not modulated at 
all. are brought into interference on the recording medium so 
that the resulting interference fringes are recorded. 
[0003] Here, with reference to FIG. 15. the system 

25 disclosed in the foregoing literature will be described 

concretely. In this system, incident laser light 111 passes 
through a spatial modulator 101, at which time the spatial 
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modulator 101 spatially modulates the incident laser light 111 
in intensity in accordance with the information to be recorded. 
This light is collimated by a lens 102 and projected onto a 
recording medium 100 as object light 103. In addition. 
5 reference light 105 is made into diverging light by an objective 
lens 104 and projected onto the position on the recording medium 
100 as same as the position onto which the object light 103 is 
projected. In this way, the information is recorded on the 
recording medium 100 in the form of interference fringes 
10 resulting from the object light 103 and the reference light 105 . 
At the time of reproduction of information, the reference light 
105 alone is projected onto the recording medium 100. 
Consequently, reproduction light 106 occurs from the recording 
medium 100. This reproduction light 106 forms an image on an 
15 image pick-up element 108 through a lens 107 which is disposed 
in a position opposite from the lens 102 across the recording 
medium 100. The information is read by this image pick-up 
element 108. 
[0004] 

20 [Problems to be Solved by the Invention] In a conventional 
holographic optical memory system such as one shown in FIG. 15, 
the reference light will not converge to a point on the recording 
medium. Thus, the region to record or reproduce may be 
illuminated with the reference light over a considerably large 

25 area thereof. For example, in the case of parallel reference 
light which is most frequently used, parallel light having a 
diameter of 1 mm or so is projected onto the recording medium. 
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and this light is used to record information or to read 
information recorded previously. 

[0005] By the way, for common optical disks typified by 

a compact disc (hereinafter referred to as CD), the light beam 
for reading is narrowed down to the order of 1 p. Positioning 
of the light beam for reading is thus possible with precision 
of 1 jun or less. In such a holographic optical memory system 
that uses a light beam having a beam diameter of 1 mm as described 
above, however, the optical positioning of the reference light 
for recording or reproduction, if intended, can only be achieved 
with precision of the order of 1 mm. which is the beam diameter. 
This necessitates a sufficient spacing between the recording 
areas on the recording medium, resulting in a problem that the 
recording medium cannot be made so high in total storage 
capacity . 

[0006] Besides, in such a conventional holographic 

optical memory system as shown in FIG. 15, during reproduction 
the reference light projected onto the recording medium and the 
reproduction light occurring from the recording medium pass 
through different optical elements. This corresponds to the 
fact that in the system shown in FIG. 15, for example, the 
reference light 105 passes through the lens 104 and then reaches 
the recording medium 100 while the reproduction light 106 passes 
through the lens 107 and then is received by the image pick-up 
element 108. In such an optical system where the reference 
light and the reproduction light pass through different optical 
elements during reproduction as described above, the entire 
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optical system becomes extremely large due to the need for 
providing the different optical elements . This poses a problem 
of poor feasibility. 

[0007] The present invention has been conceived in view 

5 of the foregoing problems . It is a first object of the invention 
to provide an optical information recording medium on which 
information is recorded utilizing holography, which makes it 
possible to position the illumination light for reproduction 
with high precision to allow greater storage capacity. 

10 [0008] A second object of the invention is to provide an 

optical information reproducing apparatus for reproducing 
information recorded on an optical information recording medium 
utilizing holography, which makes it possible to position the 
illumination light for reproduction with high precision. 

15 [0009] m addition to the foregoing second object , a third 

object of the invention is to provide an optical information 
reproducing apparatus which allows a small configuration of the 
optical system. 

[0010] A fourth object of the invention is to provide an 

20 optical information recording apparatus for recording 
information on an optical information recording medium 
utilizing holography, which makes it possible to position the 
illumination light for recording with high precision. 
[0011] 

25 [Means for Solving the Problems] An optical information 
recording medium according to the invention comprises: a 
reproducing illumination light converging region provided in 
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a position corresponding to the point of convergence of 
converging illumination light for reproduction; and an 
information recording region for generating information 
reproduction light having the point of convergence in a position 
5 different from that of the point of convergence of the 

illumination light for reproduction in a depth direction when 
illuminated with the illumination light for reproduction, the 
information recording region being provided in a position 
different from that of the reproducing illumination light 
10 converging region in the depth direction. 

[0012] Besides, an optical information reproducing 

apparatus according to the invention comprises: reproducing 
illumination light illuminating means for illuminating the 
optical information recording medium with the illumination 
15 light for reproduction that converges on the reproducing 
illumination light converging region; and information 
reproducing means for reproducing information by detecting 
return light from the optical information recording medium, the 
return light including the information reproduction light 
20 obtained when the reproducing illumination light illuminating 
means illuminates the optical information recording medium with 
the illumination light for reproduction. 
[0013] Moreover, an optical information recording 

apparatus according to the invention comprises: recording 
25 illumination light illuminating means for illuminating the 
optical information recording medium with first illumination 
light for recording that has the point of convergence in the 
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same position as that of the point of convergence of the 
illumination light for reproduction in the depth direction and 
second illumination light for recording that has the point of 
convergence in a position different from the position of the 
5 first illumination light for recording in the depth direction; 
and modulating means for modulating, in accordance with 
information to be recorded, the intensity of at least either 
one of the first illumination light for recording and the second 
illumination light for recording projected by the recording 
10 illumination light illuminating means. 

[0014] In the optical information recording medium 

according to the invention, given that information is recorded 
in the information recording region, the information recording 
region generates , when illuminated with the illumination light 
15 for reproduction having the point of convergence in the 

reproducing illumination light converging region, information 
reproduction light having the point of convergence in a position 
different from that of the point of convergence of the 
illumination light for reproduction in the depth direction. 
20 Since this optical information recording medium is illuminated 
with the illumination light for reproduction having the point 
of convergence in the reproducing illumination light converging 
region, the illumination light for reproduction becomes small 
in diameter in the reproducing illumination light converging 
25 region, it is thus possible to position the illumination light 
for reproduction with high precision by performing the 
positioning of the illumination light for reproduction in the 
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reproducing illumination light converging region. 
[0015] In the optical information reproducing apparatus 

according to the invention, the reproducing illumination light 
illuminating means illuminates the optical information 
5 recording medium with the illumination light for reproduction 
that converges on the reproducing illumination light converging 
region. The information reproducing means reproduces 
information by detecting the return light from the optical 
information recording medium, the return light including the 
10 information reproduction light that is obtained when the 

reproducing illumination light illuminating means illuminates 
the optical information recording medium with the illumination 
light for reproduction. 

[0016] In the optical information recording apparatus 

15 according to the invention, the recording illumination light 
illuminating means illuminates the optical information 
recording medium with the first illumination light for 
recording which has the point of convergence in the same 
position as that of the point of convergence of the illumination 
20 light for reproduction in the depth direction and the second 
illumination light for recording which has the point of 
convergence in a position different from that of the first 
illumination light for recording in the depth direction. The 
modulating means modulates, in accordance with information to 
25 be recorded, the intensity of at least either one of the first 
illumination light for recording and the second illumination 
light for recording projected by the recording illumination 
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light illuminating means . Information is thereby recorded in 
the information recording region of the optical information 
recording medium in the form of the intensity distribution of 
light obtained from interference between the first illumination 
5 light for recording and the second illumination light for 
recording . 

[0017] Incidentally, as employed in the invention, the 

point of convergence corresponds to an object point or image 
point of the imaging optical system. In the case of converging 
10 light . it refers to a point to which the light beams constituting 
the converging light converge. In the case of diverging light, 
it refers to a point to which the extensions of the light beams 
constituting the diverging light converge. 
[0018] 

15 [Embodiments of the Invention] Hereinafter, embodiments 

of the invention will be described in detail with reference to 
the drawings. 

[0019] FIG. 1 is a block diagram showing the configuration 

of an optical information recording/reproducing apparatus 

20 acting as an optical information reproducing apparatus and an 
optical information recording apparatus according to a first 
embodiment of the invention. This optical information 
recording/reproducing apparatus 10 comprises: a spindle 11 to 
which an optical information recording medium (hereinafter. 

25 referred to simply as optical disk) 1 according to the present 
embodiment is attached; a spindle motor 12 for rotating this 
spindle 11; and a spindle servo circuit 13 for controlling the 
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spindle motor 12 to keep the rotating speed of the optical disk 
1 at a predetermined value. 

[0020] The optical information recording/reproducing 

apparatus 10 further comprises: a pick-up 15 for illuminating 
5 the optical disk 1 selectively with illumination light for 
reproduction and illumination light for recording, and 
detecting return light from the optical disk 1; a not-shown 
driving device for making this pick-up 15 movable in the radial 
direction of the optical disk 1; and a servo circuit 16 for 
10 performing slide servo by controlling the driving device to move 
the pick-up 15 in the radial direction of the optical disk 1 
so that the pick-up 15 can perform recording/reproduction on 
a predetermined position of the optical disk 1, and for 
performing focus servo to adjust the position of the point of 
15 convergence of the illumination light for reproduction 

projected by the pick-up 15 in the depth direction of the optical 
disk 1 and tracking servo to allow the illumination light for 
reproduction to follow a predetermined track. 
[0021] The optical information recording/reproducing 

20 apparatus 10 further comprises: an ECC adding circuit 17 for 
adding error-correcting codes (hereinafter, also referred to 
as ECCs) to 8 -bit write data D w . for example; a data conversion 
circuit 18 for converting the output data of the ECC adding 
circuit 17 into 1-bit signals; a recording pulse generating 
25 circuit 19 for generating recording pulses for enhancing the 
output of a semiconductor laser provided in the pick-up 15, 
which will be described later, based on the output signals of 



14 



10 



the data conversion circuit 18; a laser power control circuit 
20 for controlling the output of the semiconductor laser to 
appropriate reading power; and a data selector 21 for selecting 
either the output of the recording pulse generating circuit 19 
or the output of the laser power control circuit 20 and supplying 
the same to the semiconductor laser in the pick-up 15. 
[0022] As will be described later, the pick-up 15 outputs 

two types of reproduction signals (hereinafter referred to as 
a reproduction signal S A and a reproduction signal S B ) and a 
focus error signal S F . The reproduction signal S A is a signal 
based on information recorded on the optical disk 1 in the form 
of emboss pits to be described later. Incidentally, the 
information to be recorded in the form of emboss pits includes 
position information inside the disk 1 and information for 
15 positioning the illumination light for recording. On the other 
hand, the reproduction signal S B is a signal based on information 
recorded in a hologram material layer to be described later in 
the optical disk 1 utilizing holography . The focus error signal 
S F and the reproduction signal S A are input to the servo circuit 
20 16 . The servo circuit 16 performs focus servo based on the focus 
error signal S P , and performs tracking servo based on the 
reproduction signal S A . 

[0023] The optical information recording/reproduction 

apparatus 10 further comprises: a phase-locked loop 
25 (hereinafter referred to as PLL) circuit 22 for inputting the 
reproduction signal S A outputted from the pick-up 15 and 
reproducing a basic clock synchronous with the rotation of the 
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optical disk 1; and a timing controller 23 for switching the 
data selector 21 based on the basic clock outputted from this 
PLL circuit 22. Incidentally, the basic clock outputted from 
the PLL circuit 22 is supplied to circuits in the optical 
5 information recording/reproducing apparatus 10 which require 
the basic clock, aside from the timing controller 23. 
[0024] The optical information recording /reproducing 

apparatus 10 further comprises: a changeover switch 24 for 
selecting and outputting either one of the reproduction signal 
10 S A and the reproduction signal S B outputted from the pick-up 
15; an equalizer 25 for inputting the output of this changeover 
switch 24 and making compensation for frequency 
characteristics; a binary decoding circuit 26 for decoding the 
output signal of this equalizer 25 into binary data; an 8-bit 
15 conversion circuit 27 for converting the output data of this 
binary decoding circuit 26 into 8 -bit data; an ECC decoding 
circuit 28 for inputting the output data of this 8-bit 
conversion circuit 27 and performing error correction to output 
read data D R ; and a controller 29 for controlling the changeover 
20 switch 24 and controlling the entire optical information 
recording/reproducing apparatus 10 . 

[0025] Next, the configuration of the optical disk 1 

according to the present embodiment will be described with 
reference to FIG. 2 through FIG. 4. FIG. 2 shows the sectional 
25 configuration of the optical disk 1 . As shown in this diagram, 
the optical disk 1 is composed of: a disk-like substrate 31 made 
of. e.g. , polycarbonate; and a transparent dielectric layer 32 
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made of, e.g., silicon nitride having a refractive index 
different from that of the substrate 31 and a hologram material 
layer 33 for recording information utilizing holography which 
are laminated on one side of the substrate 31 in this order. 
The substrate 31 is formed by injection molding, for example. 
As with ordinary CDs and the like, emboss pits 34 corresponding 
to predetermined information are transcribed and formed in a 
side of the substrate 31 facing the transparent dielectric layer 
32 in advance in an injection molding system. The transparent 
dielectric layer 32 is formed by vacuum deposition or sputtering , 
for example. The hologram material layer 33 is formed through 
the application of a hologram material by spin coating, for 
example. The hologram material layer 33 has a thickness of the 
order of 10 to 40 [Jim, for example. When the hologram material 
is illuminated with light, it changes in such optical 
characteristics as a refractive index, permittivity, and 
reflectivity depending on the intensity of the light. For 
example, materials announced as hologram materials from DuPont 
(see "W. K. Smothers et al., "Photopolymers for holography," 
Practical Holography IV, SPIEOE/Laser Conference Proceedings, 
1212-03, Los Angeles, CA, Jan. pp. 14-19, 1990') may be used. 
The interface between the substrate 31 having the emboss pits 
34 and the transparent dielectric layer 32 corresponds to the 
reproducing illumination light converging region of the 
invention. The hologram material layer 33 corresponds to the 
information recording region of the invention. Incidentally, 
a transparent protective film may be formed on the hologram 



material layer 33. To record information on the optical disk 
1 of such configuration or reproduce information from the 
optical disk 1, light beams having passed through an objective 
lens 41 in the pick-up 15 are used. 

[0026] FIG. 3 and FIG. 4 are explanatory diagrams for 

explaining the emboss pits 34 in the optical disk 1 two- 
dimensionally. FIG. 3(a) and FIG. 4(b) both show the 
arrangement of emboss pits 34 over the entire optical disk 1. 
As shown in these diagrams, the optical disk 1 has a number of 
servo information portions 35 which extend linearly in radial 
directions and are arranged radially across the entire 
circumference of the optical disk 1, and address information 
portions 36 which extend linearly in radial directions and are 
formed, for example, in two locations across the entire 
circumference of the optical disk 1. Predetermined 
information is recorded in each of these servo information 
portions 35 and address information portions 36 in the form of 
emboss pits 34. Information such as user data, if necessary, 
is recorded in the form of emboss pits 34 in sectoral sections 
between adjoining ones of the servo information portions 35. 
Although simplified in the diagrams, the servo information 
portions 35 as many as 1400 or so, for example, are arranged 
across the entire circumference of the optical disk 1. The 
address information portions 36 are provided in two locations 
for the reason that correct addresses can be reproduced from 
one of them even when the other becomes unreadable owing to 
defects or the like on the optical disk 1. 
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[0027] FIG. 3(b) shows an enlarged servo information 

portion 35. As shown in the diagram, each single track of the 
servo information portion 35 has three emboss pits 34. or pits 
35a. 35b. and 35c. which are arranged generally along the 
5 direction of the track 37. The pits 35a and 35c on the outer 
sides are formed at positions offset from the center of the track 
37 in opposite directions. Tracking servo is performed by 
moving the objective lens 41 such that the reproduction signals 
S A corresponding to these two pits 35a and 35c have the same 
10 amplitude. The central pit 35b is placed at the center of the 
track 37. and is used for the PLL circuit 22 to generate the 
basic clock synchronous with the rotation of the optical disk 
1. 

[0028] FIG. 4(b) shows an enlarged address information 

15 portion 36. As shown in this diagram, the address information 
portion 36 has a pit row composed of a plurality of emboss pits 
34 along the center of each track 37. In this pit row, track 
information capable of identifying an track number is embedded 
as address information. 
20 [0029] The track information mentioned above has various 

known formats, of which a simplest example is shown in FIG. 5. 
This format contains a carrier signal (CAR) region 38a, an 
address mark (AM) region 38b, a sector information (SEC) region 
38c. an address information (ADR) region 38d, and a parity 
25 (PARITY) region 38e which are arranged in this order from the 
top. In the carrier signal region 38a. pits are recorded 
repeatedly at certain cycles . A threshold level for binarizing 
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the reproduction signals is detected from this carrier signal 
region 38a. In the address mark region 38b, a long-sized pit 
which will not appear in any other data portions is recorded. 
By detecting this address mark region 38b, a system including 
the optical information recording/ reproducing apparatus 10 can 
make a distinction between the portion containing an address 
and the other portions in which user data is recorded. The 
address mark region 38b also functions to make a notification 
of the start of a signal that is recorded continuously. Sector 
information recorded in the sector information region 38c, in 
the present embodiment, shows which of the two sets of track 
information is being read. Address information recorded in the 
address information region 38d shows the address of the track 
in a 16 -bit binary. A parity recorded in the parity region 38e 
is obtained as a result of operation by. for example, applying 
codes known as CRC (cyclic redundancy check) codes to the sector 
information and the address information. Even when a defect 
occurs on the optical disk 1 at the portion in which the sector 
information or the address information is recorded, the 
occurrence of an error can be detected by using this parity. 
Since the devices for decoding such signals as above are 
commonly used in floppy disk drives and the like, description 
thereof will be omitted. 

[0030] Next, the configuration of the pick-up 15 will be 

described with reference to FIG. 6. The pick-up 15 comprises: 
the objective lens 41 which faces toward the substrate 31 of 
the optical disk 1 when the optical disk 1 is fixed to the spindle 
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11; a semiconductor laser 42 for emitting laser light; and a 
collimator lens 43 and beam splitters 44. 45. and 46 which are 
arranged between the semiconductor laser 42 and the objective 
lens 41 in this order from the semiconductor laser 42 . The laser 
light emitted from the semiconductor laser 42 is collimated by 
the collimator lens 43 and impinges on the beam splitter 44. 
A part of the light is transmitted through the beam splitter 
44, reflected by the beam splitter 45. transmitted through the 
beam splitter 46. collected by the objective lens 41, and 
projected onto the optical disk 1. Return light from the 
optical disk 1 passes through the objective lens 41 and impinges 
on the beam splitter 46. A part of the light is transmitted 
through the beam splitter 46 . and the other is reflected by the 
beam splitter 46 . The pick-up 15 further comprises an actuator 
15 47 capable of controlling the position of the objective lens 
41 so that the position of the point of convergence of light 
projected onto the optical disk 1 from the objective lens 41 
can be moved in directions of the depth and radius of the optical 
disk 1. This actuator 47 is controlled by the servo circuit 

20 16 in FIG. 1. 

[0031] The pick-up 15 further comprises: a convex lens 48 

opposed to the objective lens 41 across the optical disk 1; 
mirrors 49. 50, 51, and 52 for introducing the laser light that 
is emitted from the semiconductor laser 42 and reflected by the 

25 beam splitter 44, to a side of the convex lens 48 opposite from 
the optical disk 1 ; and a shutter 53 disposed between the mirrors 
50 and 51. The convex lens 48 converges the laser light 
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introduced by the mirrors 49-52 to a predetermined position 
before (outside) the optical disk 1 closer to the convex lens 
48. The shutter 53 is controlled by the controller 29 in FIG. 
1. 

[0032] The pick-up 15 further comprises: a cylindrical 

lens 55 disposed on the optical path of the return light from 
the optical disk 1 that is transmitted through the beam splitter 
46 and transmitted through the beam splitter 45; a quadruple 
photodetector 56 for receiving the light having passed through 
this cylindrical lens 55; and a matrix amplifier 57 for 
performing operation using the output signals of the four 
light -receiving portions of this quadruple photodetector 56 to 
thereby output the reproduction signal S A and the focus error 
signal S P . 

[0033] The pick-up 15 further comprises a concave lens 58, 

a condenser lens 59, a pinhole member 60, and a photodetector 
61 which are arranged in this order from the beam splitter 46 
on the optical path of the return light from the optical disk 
1 that is reflected by the beam splitter 46. The concave lens 
58 collimates information reproduction light to be described 
later, generated by the hologram material layer 33, out of the 
return light from the optical disk 1. The condenser lens 59 
condenses this collimated light beam so that it focuses on a 
pinhole in the pinhole member 60 . The photodetector 61 receives 
the light having passed through the pinhole in the pinhole 
member 60 to convert the same into an electric signal, and 
outputs the reproduction signal S B . 
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[0034] Next, description will be given of the operation 

of the optical information recording/reproducing apparatus 10 
and the function of the optical disk 1 according to the present 
embodiment . 

[0035] Initially, the operation of the optical 

information recording/reproducing apparatus 10 and the 
function of the optical disk 1 will be described for the case 
of recording information on the optical disk 1. The optical 
disk 1 is fixed to the spindle 11 and rotated by the spindle 
motor 12. being controlled by the spindle servo motor 13 to keep 
a given rotation speed. Initially, the data selector 21 
supplies the output of the laser power control circuit 20 to 
the semiconductor laser 42 of the pick-up 15. The laser power 
control circuit 20 controls the output of the semiconductor 
15 laser 42 to appropriate reading power. 

[0036] The laser light emitted from the semiconductor 

laser 42 is collimated by the collimator lens 43 and impinges 
on the beam splitter 44. A part of the light is transmitted 
through the beam splitter 44. reflected by the beam splitter 
20 45. transmitted through the beam splitter 46. collected by the 
objective lens 41, and projected onto the optical disk 1. The 
position of the point of convergence of this illumination light 
falls on the interface between the substrate 31 and the 
transparent dielectric layer 32, i.e., the position where the 
25 emboss pits 34 are formed. Since the substrate 31 and the 
transparent dielectric layer 32 have different refractive 
indices, the light projected onto the optical disk 1 is 
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reflected by the interface between the substrate 31 and the 
transparent dielectric layer 32, at which time it is modulated 
in intensity by emboss pit rows and impinges on the objective 
lens 41 as return light. This return light is collimated by 
5 the objective lens 41, transmitted through the beam splitters 
46 and 45, converged by the cylindrical lens 55 to impinge on 
the quadruple photodetector 56 with different focal lengths in 
two directions orthogonal to the traveling direction thereof 
so that the focus error signal can be obtained through an 
10 astigmatic method, and converted into electric signals. The 
matrix amplifier 57 performs operation using the output signals 
of the respective four light -receiving portions of the 
quadruple photodetector 56, and thereby outputs the 
reproduction signal S A which shows the information recorded in 
15 the form of the emboss pits 34 and the focus error signal S F 
which shows a deviation from the ideal position of the point 
of convergence of the illumination light . 

[0037] The reproduction signal S A is inputted to the PLL 

circuit 22 and the servo circuit 16 in FIG. 1. The focus error 

20 signal S F is inputted to the servo circuit 16. Based on the 
reproduction signal S A . the PLL circuit 22 reproduces a basic 
clock which is in synchronization with the emboss pits 34 and 
has a frequency coincident with the frequency of repetition of 
recording marks. The servo circuit 16 performs focus servo 

25 based on the focus error signal S F , and performs tracking servo 
based on the reproduction signal S A . Incidentally, the 
reproduction signal S A traces a waveform having portions of low 
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amplitude corresponding to the pits 35a and 35c which come 
before and after a portion of high amplitude corresponding to 
the pit 35b shown in FIG. 3(b) . The tracking servo is performed 
by moving the objective lens 41 such that the portions 
5 corresponding to the pits 35a and 35c have the same amplitude. 
[0038] In the optical disk 1, the servo information 

portions 35 and the address information portions 36. which are 
the areas where the fixed patterns of track information, clock 
information, and the like are recorded in the form of the emboss 
10 pits 34 (hereinafter . these shall be referred to as servo areas ) . 
are arranged periodically. The timing controller 23 in FIG. 
1 counts the clock from the PLL circuit 22 to estimate the timing 
of appearance of a next servo area, and switches the data 
selector 21 at timing before and after the illumination light 
15 passes the servo area so that the output of the laser power 
control circuit 20 is input to the semiconductor laser 42 while 
the illumination light is passing the servo area . Consequently . 
while the illumination light is passing the servo area, the 
output of the semiconductor laser 42 is controlled to 
20 appropriate reading power by the laser power control circuit 
20 . The reading power typically is weak power around one tenth 
of the recording power. 

[0039] Data is recorded in the areas of the optical disk 

1 other than the servo areas. The timing controller 23 thus 
25 switches the data selector 21 to the recording-pulse- 

generating-circuit-19 side while the illumination light passes 
the areas other than the servo areas. Consequently, while the 
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illumination light passes the areas other than the servo areas, 
recording pulses outputted from the recording pulse generating 
circuit 19 are inputted to the semiconductor laser 42. The 
intensity of the laser light emitted from the semiconductor 
5 laser 42 is modulated in accordance with these recording pulses . 
When recording pulses are outputted from the recording pulse 
generating circuit 19. the output of the semiconductor laser 
42 is enhanced to the recording power around 10 times the reading 
power . By means of the illumination light having this recording 
10 power, information is recorded in the hologram material layer 
33 of the optical disk 1. Here, the reading power shall be 1 
mW or so, for example; the recording power shall be 15 mW or 
so , for example . The information to be recorded in the hologram 
material layer 33. e.g.. the 8 -bit write data D w is given 
15 error-correcting codes (ECCs) by the ECC adding circuit 17, and 
converted into 1-bit signals by the data conversion circuit 18. 
Based on these signals . the recording pulse generating circuit 
19 generates recording pulses, and these recording pulses are 
inputted to the semiconductor laser 42. 
20 [0040] As described above, at the time of recording of 

information, a part of the laser light that is emitted from the 
semiconductor laser 42 and collimated by the collimator lens 
43 passes through the beam splitters 44, 45. and 46, and the 
objective lens 41. and is projected onto the optical disk 1 from 
25 the side of the substrate 31 as first illumination light for 
recording. The other part of the laser light that is emitted 
from the semiconductor laser 42 and collimated by the collimator 
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lens 43 is reflected by the beam splitter 44. and passes through 
the mirrors 50-52 and the convex lens 48. Then it is projected 
onto the optical disk 1 from the side of the hologram material 
layer 33 as second illumination light for recording. 
[0041] FIG. 7 shows the relationship between the first 

illumination light for recording and the second illumination 
light for recording mentioned above. In the diagram, the 
numeral 63 represents the first illumination light for 
recording, and 64 the second illumination light for recording. 
As with the position of the point of convergence of the 
illumination light for reproduction, the position of the point 
of convergence 65 of the first illumination light for recording 
63 falls on the interface between the substrate 31 and the 
transparent dielectric layer 32, i.e.. the position where the 
15 emboss pits 34 are formed. On the other hand, the position of 
the point of convergence 66 of the second illumination light 
for recording 64 is different from the position of the point 
of convergence 65 in a direction of the depth of the optical 
disk 1, falling on a position outside the optical disk 1 before 
20 the hologram material layer 33. Both the first illumination 
light for recording 63 and the second illumination light for 
recording 64 become converging light past their respective 
points of convergence 65 and 66. Assume here that the fringe 
of the first illumination light for recording 63 and the fringe 
25 of the second illumination light for recording 64 intersect at 
points 67 and 68. The first illumination light for recording 
63 and the second illumination light for recording 64 interfere 
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with each other in the rhombus area ( in three-dimensional terms , 
the region having the shape of two cones whose bases are in 
contact with each other) 69 surrounded by the points 67. 68 and 
the points of convergence 65, 66. In this area 69, the 
interference between these two beams of light results in an 
interference pattern such as shown in FIG. 8. not an uniform 
light intensity distribution. Since the hologram material 
layer 33 lies in this area 69. interference patterns such as 
shown in FIG. 8 are successively recorded in the hologram 
material layer 33 when the output of the semiconductor laser 
42 comes to have the recording power in accordance with the 
recording pulses. Incidentally, when the output of the 
semiconductor laser 42 is at the reading power, interference 
patterns such as shown in FIG. 8 will not be recorded in the 
hologram material layer 33 or will be recorded with extremely 
low contrast because the power is sufficiently low. This 
provides clear distinction in terms of intensity distribution 
from the interference patterns to be recorded under the 
recording power. 

[0042] When the recording of information in the hologram 

material layer 33 is thus completed, the entire surface of the 
optical disk 1 is irradiated with ultraviolet rays of 
predetermined intensity, if necessary, so that all the 
interference patterns recorded in the hologram material layer 
33 are fixed. 

[0043] Next, with reference to FIG. 9, the operation of 

the optical information recording/reproducing apparatus 10 and 
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the function of the optical disk 1 will be described for the 
case of reproducing information that is recorded in the hologram 
material layer 33 of the optical disk 1 as above. FIG. 9 shows 
the parts necessary for information reproduction, out of the 
5 configuration of the pick-up 15 shown in FIG. 6. At the time 
of reproduction of information, the shutter 53 is closed so that 
the optical disk 1 undergoes no illumination light from the 
convex lens 48. The timing controller 23 always sets the data 
selector 21 such that the output of the laser power control 
10 circuit 20 is inputted to the semiconductor laser 42. 

Consequently, the output of the semiconductor laser 42 is always 
controlled to the appropriate reading power by the laser power 
control circuit 20. As in information recording, the rotation 
speed of the optical disk 1 is controlled, the information 
15 recorded in the form of the emboss pits 34 is reproduced, the 
basic clock is reproduced, the focus servo is performed based 
on the focus error signal S F , and the tracking servo is performed 
based the reproduction signal S A . 

[0044] The laser light having the reading power, emitted 

20 from the semiconductor laser 42 , is collimated by the collimator 
lens 43 and impinges on the beam splitter 44. A part of the 
light is transmitted through the beam splitter 44. reflected 
by the beam splitter 45. transmitted through the beam splitter 
46, collected by the objective lens 41. and projected onto the 
25 optical disk 1 as illumination light for reproduction. The 
position of the point of convergence of this illumination light 
for reproduction falls on the interface between the substrate 
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31 and the transparent dielectric layer 32, i.e. , the position 
where the emboss pits 34 are formed. Like the first 
illumination light for recording 63. this illumination light 
for reproduction becomes diverging light in the hologram 
5 material layer 33. Here, when the illumination light for 
reproduction is projected onto a portion of the hologram 
material layer 33 where such an interference pattern as shown 
in FIG. 8 is recorded, the hologram material layer 33 generates 
information reproduction light . which is a lightwave having the 
10 same characteristics and travels in the same direction as the 
second illumination light for recording 64 does. This 
information reproduction light impinges on the objective lens 
41. A part of the light is reflected by the beam splitter 46, 
is collimated by the concave lens 58, is collected by the 
15 condenser lens 59 to focus on the pinhole of the pinhole member 
60, passes through this pinhole, and is converted into an 
electric signal by the photodetector 61 so that the reproduction 
signal S B is outputted from the photodetector 61. 
[0045] Incidentally, return light generated by the 

20 reflection of the illumination light for reproduction at the 
interface between the substrate 31 and the transparent 
dielectric layer 32 also impinges on the pinhole member 60. 
Since this return light becomes diverging light because of the 
concave lens 58, however, it will not converge on the pinhole 
25 of the pinhole member 60. Most of the light is blocked by the 
pinhole member 60. not reaching the photodetector 61. 
[0046] Consequently, the information recorded in the 
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hologram material layer 33 of the optical disk 1 is exclusively 
reproduced as the reproduction signal S B , independent of the 
information recorded in the form of the emboss pits 34. 
[0047] To obtain read data D R from the reproduction signal 

S B , the changeover switch 24 is turned such that the reproduction 
signal S B is inputted to the equalizer 25. The reproduction 
signal S B is compensated for frequency characteristics by the 
equalizer 25 to remove intersymbol interference resulting from 
pieces of recording information lying apart in front and behind. 
The resultant is decoded into binary data in accordance with 
the amplitude of the reproduction signal S B by the binary 
decoding circuit 26. converted into 8-bit data by the 8-bit 
conversion circuit 27. and finally subjected to error 
correction by the ECC decoding circuit 28 , whereby the influence 
of defects or the like lying on the optical disk 1 is removed 
before the read data D R is outputted. 

[ 0048 ] incidentally , as described above . information such 

as user data can be recorded in the sectoral sections between 
the servo information portions 35 of the optical disk 1 in the 
form of the emboss pits 34. To read the information thus 
recorded, the changeover switch 24 is turned such that the 
reproduction signal S A is inputted to the equalizer 25. This 
makes it possible to obtain read data D R based on the information 
recorded in the form of the emboss pits 34. Incidentally, in 
FIG. 1. only a single group of the equalizer 25, the binary 
decoding circuit 26. the 8-bit conversion circuit 27, and the 
ECC decoding circuit 28 is provided and either one of the 
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reproduction signal S A and the reproduction signal S B is 
selectively inputted to the equalizer 25 through the changeover 
switch 24. Nevertheless, the changeover switch 24 may be 
omitted while the equalizer 25. the binary decoding circuit 26. 
5 the 8-bit conversion circuit 27. and the ECC decoding circuit 
28 are provided for each of the reproduction signal S A and the 
reproduction signal S B so that the read data resulting from the 
reproduction signal S A and the read data resulting from the 
reproduction signal S B are both obtained at the same time. 
10 [0049] Moreover, while the present embodiment has dealt 

with the example of the optical information 
recording/reproducing apparatus 10 that is capable of both 
recording and reproducing information, an optical information 
reproducing apparatus for reproduction use only may be 
15 configured by using the pick-up excluding the optical system 
for recording as shown in FIG. 9. 

[0050] As described above, according to the optical disk 

1 and the optical information recording /reproducing apparatus 
10 of the present embodiment, the optical disk 1 has the 

20 reproducing illumination light converging region (the 
interface between the substrate 31 and the transparent 
dielectric layer 32) located in the position corresponding to 
the point of convergence of converging illumination light for 
reproduction and the hologram material layer 33 serving as the 

25 information recording region where information is recorded 
utilizing holography. When the optical disk 1 is illuminated 
with illumination light for reproduction having the point of 
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convergence on the reproducing illumination light converging 
region, the hologram material layer 33 generates information 
reproduction light having the point of convergence in a position 
different from that of the point of convergence of the 
5 illumination light for reproduction in the depth direction. 
The illumination light for reproduction thus becomes small in 
diameter in the reproducing illumination light converging 
region. When information for positioning the illumination 
light for reproduction is recorded in the reproducing 
10 illumination light converging region in the form of emboss pits 
34, for example, then it is possible to position the 
illumination light for reproduction with high precision. As 
a result, it becomes possible to make the spacing between pieces 
of recording information sufficiently small, which in turn 
15 makes it possible to achieve an optical information recording 
medium of high storage capacity. Moreover, even at the time 
of recording of information, the information recorded in the 
form of the emboss pits 34 is used to perform positioning of 
the first illumination light for recording. This makes it 
20 possible to position the first illumination light for recording 
with high precision. 

[0051] Incidentally, to avoid interference between the 

information in the form of the emboss pits 34 and the information 
recorded in the hologram material layer 33, the position of the 
25 points of convergence of the illumination light for 

reproduction and the first illumination light for recording and 
the position of the points of convergence of the information 



33 



reproduction light and the second illumination light for 
recording are desirably spaced apart as wide as or wider than 
the depth of focus determined by the optical system of the 
pick-up 15. 

5 [0052] Incidentally, the depth of focus refers to the range 

(distance) where the breadth of the image point falls within 
an acceptable value, or in short, the range (distance) where 
the focus can be considered generally established . For example . 
the depth of focus Z is expressed by the following equation (see 
10 G Bouwhuis etal., "Principles of Optical Disk Systems." Adam 
Hilger Ltd. . p. 195) . Here, (NA) is the numerical aperture of 
the condenser lens, and X is the wavelength of the light source. 
[0053] 

[Eq. 1] Z = ±k I {2(NA) 2 >. 

15 [0054] Moreover, in the present embodiment, the 

illumination light for reproduction and the return light from 
the optical disk 1 are both passed through the objective lens 
41, a common optical member. Because of this, when an optical 
information reproducing apparatus for reproduction use only is 

20 configured by using the pick-up excluding the optical system 
for recording as shown in FIG. 9. the optical system of the 
pick-up can be made small. This consequently allows 
miniaturization of the optical information reproducing 
apparatus . 

25 [0055] In the present embodiment, during recording, the 

output of the semiconductor laser 42 is changed to modulate the 
intensities of both the first illumination light for recording 
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and the second illumination light for recording. However, the 
intensity of either one of the first illumination light for 
recording and the second illumination light for recording may 
be modulated using a shutter or the like. 
5 [0056] Next, with reference to FIG. 10. description will 

be given of a second embodiment of the invention. An optical 
information recording/reproducing apparatus 10 according to 
the present embodiment uses a pick-up 70 having the 
configuration shown in FIG. 10 instead of the pick-up 15 shown 
10 in FIG. 6. This pick-up 70 is provided with: an actuator 71 
for making the convex lens 48 of the pick-up 15 movable in the 
direction of the optical axis by using a step motor, for example; 
and an actuator 72 for making the concave lens 58 of the pick-up 
15 movable in the direction of the optical axis similarly by 
15 using a step motor , for example . The configuration is otherwise 
the same as that of the pick-up 15. The actuators 71 and 72 
are controlled by the controller 29 in FIG. 1. 
[0057] Next, description will be given of the operation 

of the optical information recording/reproducing apparatus 10 
20 according to the present embodiment. In the optical 

information recording/reproducing apparatus 10 according to 
the present embodiment, when the actuator 71 moves the convex 
lens 48 in the direction of the optical axis, the point of 
convergence of the second illumination light for recording 
25 moves in a direction of the depth of the optical disk 1 . Thus, 
the actuator 71 can move the convex lens 48 in the direction 
of the optical axis to change the position of the point of 
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convergence of the second illumination light for recording so 
that different information can be recorded in the hologram 
material layer 33 position by position on a multiplex basis. 
[0058] The information thus recorded on a multiplex basis 

is reproduced in the following way. When the optical disk 1 
having the hologram material layer 33 in which information is 
recorded on a multiplex basis is illuminated with the 
illumination light for reproduction as in the first embodiment, 
the hologram material layer 33 generates a plurality of beams 
of information reproduction light which have the points of 
convergence at the same positions as those of the points of 
convergence of the second illumination light for recording at 
the time of recording of the information. The plurality of 
beams of information reproduction light pass through the 
15 objective lens 41, the beam splitter 46, the concave lens 58, 
and the condenser lens 59 to converge to different positions. 
Meanwhile, when the concave lens 58 is moved in the direction 
of the optical axis by the actuator 72 , the position of the point 
of convergence of each beam of information reproduction light 
20 moves in the direction of the optical axis. Thus, when the 
actuator 72 moves the concave lens 58 in the direction of the 
optical axis such that one of the plurality of beams of 
information reproduction light selectively converges on the 
pinhole of the pinhole member 60. the one of the plurality of 
25 beams of information reproduction light can selectively reach 
the photodetector 61. It is thereby possible to obtain the 
reproduction signal S B corresponding to that information 
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reproduction light . 

[0059] To record information in the hologram material 

layer 33 on a multiplex basis, the positions of the points of 
convergence of the illumination light for recording for 
5 respective pieces of information are desirably spaced apart 
from each other as wide as or wider than the depth of focus 
determined by the optical system of the pick-up 70 in order to 
avoid interference between the respective pieces of 
information . 

10 [0060] Thus, according to the present embodiment. 

information can be recorded in the hologram material layer 33 
on a multiplex basis . It is therefore possible to enhance the 
storage capacity of the optical disk 1 . The remainder of the 
configuration, operation, and effects of the present embodiment 
15 are the same as those of the first embodiment. 

[0061] Next, with reference to FIG. 11, description will 

be given of a third embodiment of the invention. FIG. 11 shows 
the sectional configuration of an optical disk according to the 
present embodiment. The optical disk 80 according to the 
20 present embodiment is one in which the information recorded in 
the hologram material layer 33 of the optical disk 1 according 
to the first embodiment is recorded in the form of emboss pits . 
The optical disk 80 is composed of: a substrate 81 made of. e.g. . 
polycarbonate; and a transparent dielectric layer 82 made of. 
25 e.g. . silicon nitride having a refractive index different from 
that of the substrate 31. a photoresist layer 83. and a 
reflective layer 84 made of, e.g.. aluminum which are formed 
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on one side of the substrate 81 in this order. The substrate 
81 is formed by injection molding, for example. As with the 
optical disk 1 according to the first embodiment, emboss pits 
85 corresponding to predetermined information are formed in 
advance on the surface of the substrate 81 facing the 
transparent dielectric layer 82. In addition, emboss pits 86 
corresponding to other predetermined information are formed in 
advance on the interface between the photoresist layer 83 and 
the reflective layer 84. These emboss pits 86 are formed into 
a pattern calculated by a calculator or the like in advance such 
that when illumination light for reproduction is projected 
thereto, they exert the same optical effects as when the 
hologram material layer 33 of the optical disk 1 according to 
the first embodiment is spatially exposed for interference 
patterns such as shown in FIG. 8 on a multiplex basis. The 
emboss pits 86 can be formed on the photoresist layer 83. for 
example, by applying a photoresist onto the transparent 
dielectric layer 82 and exposing a predetermined pattern 
calculated by the calculator or the like as described above, 
followed by development . Alternatively, the emboss pits 86 may 
be formed by using a ultraviolet curing resin instead of the 
photoresist layer 83. Here, the ultraviolet curing resin is 
filled into between the transparent dielectric layer 82 and a 
stamper for transcribing the emboss pits 86 . and the ultraviolet 
curing resin is cured by the irradiation with ultraviolet rays . 
The reflective layer 84 is formed by vacuum deposition or 
sputtering, for example. The optical disk 80 of the present 
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embodiment, fabricated in this way. makes an optical 
information recording medium of read only type. The method of 
reproducing information from the optical disk 80 according to 
the embodiment is the same as that of the first embodiment. 
[0062] According to the optical disk 80 of the present 

embodiment , the information recorded in both of the two layers 
is recorded in the form of emboss pits . It is therefore possible 
to mass-produce the optical disk 80 by using an injection 
molding system or the like . The remainder of the configuration , 
operation, and effects of the present embodiment are the same 
as those of the first embodiment except in the operation and 
function in information recording. 

[0063] Next, with reference to FIG. 12 through FIG. 14, 

description will be given of a fourth embodiment of the 
invention. The present embodiment is one in which information 
is recorded in the hologram material layer 33 of the optical 
disk 1 of the first embodiment by using second illumination 
light for recording which is spatially modulated in intensity 
in accordance with the information to be recorded. An optical 
information recording/reproducing apparatus according to the 
present embodiment has a quadruple shutter 91 as shown in FIG. 
12 instead of the shutter 53 of the pick-up 15 shown in FIG. 
6 . This shutter 91 has four regions 91a- 91d each having a square 
shape, and is capable of selecting either a transmitting state 
or a blocking state for each of the regions 91a-91d separately. 
This shutter 91 may be made of a liquid crystal device, for 
example . 
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[0064] The optical information recording/reproducing 

apparatus according to the present embodiment also has a 

quadruple photodetector 92 as shown in FIG. 13 instead of the 

photodetector 61 shown in FIG. 6 . This quadruple photodetector 

5 92 has four light -receiving portions 92a-92d each having a 

square shape. The output signals of the respective light - 

receiving portions 92a-92d are successively selected by a 

multiplexer 93 and outputted as the reproduction signal S B in 

a time-series fashion. 
10 [0065] fig. 14 is a block diagram showing the configuration 

of the optical information recording/reproducing apparatus 
according to the present embodiment . The optical information 
recording/reproducing apparatus 95 according to the present 
embodiment is the optical information recording /reproducing 
15 apparatus 1 shown in FIG. 1, in which a laser power control 
circuit 96 for controlling the output of the semiconductor laser 
42 to appropriate recording power is provided anew. The data 
selector 21 selects either the output of the laser power control 
circuit 20 or the output of the laser power control circuit 92 
20 and supplies the same to the semiconductor laser 42. The 

optical information recording /reproducing apparatus 95 also 
has a shutter driving circuit 97 for driving the shutter 91. 
instead of the recording pulse generating circuit 19 in the 
optical information recording/reproducing apparatus 1 shown in 
25 FIG. 1. In the present embodiment, the data conversion circuit 
18 converts the output data of the ECC adding circuit 18 into 
4 -bit data. Based on the 4 -bit data outputted from the data 
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conversion circuit 18. the shutter driving circuit 97 controls 
the four regions 91a-91d of the shutter 91 so that the light 
passing through the shutter 91 has different spatial intensity 
distributions depending on the contents of the data. 
5 [0066] Next, description will be given of the operation 

of the optical information recording/reproducing apparatus 95 
according to the present embodiment. Initially, to record 
information on the optical disk 1, the timing controller 23 
switches the data selector 21 to the laser-power-control- 
10 circuit-96 side while the illumination light passes the areas 
other than the servo areas. The output of the semiconductor 
laser 42 is thereby controlled to appropriate recording power 
while the illumination light passes the areas other than the 
servo areas. Write data D H is given error-correcting codes by 
15 the ECC adding circuit 17 and converted into 4 -bit data by the 
data conversion circuit 18. Based on this data, the shutter 
control circuit 97 controls the four regions 9 la- 9 Id of the 
shutter 91. As a result, the laser beam passing through the 
shutter 91 is spatially modulated in intensity in accordance 
20 with the contents of the 4 -bit data. As in the first embodiment, 
the laser light thus modulated in intensity is projected onto 
the optical disk 1 as the second illumination light for 
recording, so that an interference pattern occurring from 
interference with the first illumination light for recording 
25 is recorded in the hologram material layer 33. Thus, in the 
present embodiment, it is possible to record 4-bit data in the 
hologram material layer 33 in the form of a single interference 
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pattern. 

[0067] To reproduce information from the optical disk 1, 

the controller 29 controls the shutter driving circuit 97 to 
close all the four regions 9 la- 9 Id of the shutter 91 . The timing 
5 controller 23 always sets the data selector 21 so that the output 
of the laser power control circuit 20 is inputted to the 
semiconductor laser 42. Consequently, the output of the 
semiconductor laser 42 is always controlled to the appropriate 
reading power by the laser power control circuit 20 . The laser 
10 light having the reading power, emitted from the semiconductor 
laser 42 , is projected onto the optical disk 1 from the objective 
lens 41 as the illumination light for reproduction. When 
illuminated with this illumination light for reproduction, the 
hologram material layer 33 generates information reproduction 
15 light, which is a lightwave having the same characteristics and 
travels in the same direction as the second illumination light 
for recording at the time of recording of the information does . 
In the present embodiment . this information reproduction light 
is spatially modulated in intensity as the second illumination 
20 light for recording used at the time of recording. This 

information reproduction light passes through the objective 
lens 41, the beam splitter 46. the concave lens 58, the condenser 
lens 59 , and the pinhole of the pinhole member 60 . and is received 
by the quadruple photodetector 92 shown in FIG. 13. Here, the 
25 light -receiving portions 92a-92d of the quadruple 

photodetector 92 are situated so as to receive the parts 
corresponding to the light having passed through the regions 
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9 la- 9 Id of the shutter 91. respectively. It is therefore 
possible to detect the intensity distribution of the 
information reproduction light from the output signals of the 
individual light-receiving portions 92a- 92d of the quadruple 
5 photodetector 92, and this allows reproduction of 4-bit data 
recorded in the hologram material layer 33 . The output signals 
of the respective light -receiving portions 92a- 92d of the 
quadruple photodetector 92 are successively selected by the 
multiplexer 93, outputted as the reproduction signal S B in a 
10 time-series fashion, and inputted to the equalizer 25. 

[0068] As described above, according to the present 

embodiment . information is recorded by spatially modulating the 
intensity of the second illumination light for recording, 
through the use of 4 -bit data. It is therefore possible to 
15 increase the storage capacity by four times as compared with 
the first embodiment. While in the present embodiment the 
second illumination light for recording is spatially modulated 
in intensity by using 4 -bit data, it may be spatially modulated 
in intensity by using data of a different number of bits such 
20 as two bits and eight bits. In such cases, a shutter and a 
photodetector corresponding to the number of bits are used 
instead of the shutter 91 and the quadruple photodetector 92, 
respectively. The remainder of the configuration, operation, 
and effects of the present embodiment are the same as those of 
25 the first embodiment. 

[0069] The invention is not limited to the embodiments 

described above. For example, the method of focus servo is not 
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limited to the astigmatic method but may be other methods such 
as a knife-edge method. As for the method of tracking servo, 
other methods such as a push-pull method and a three beam method 
may be used. Moreover, the information recorded in the form 
of emboss pits in the embodiments has only to record changes 
in optical characteristics such as a reflectivity and a 
refractive index. Thus, it may be recorded by using phase 
changes instead of the emboss pits. 
100701 

[Effect of the Invention] As described above, the optical 
information recording medium according to any one of claims 1 
to 6 comprises: a reproducing illumination light converging 
region provided in a position corresponding to the point of 
convergence of converging illumination light for reproduction; 
15 and an information recording region for generating information 
reproduction light having the point of convergence in a position 
different from that of the point of convergence of the 
illumination light for reproduction in a depth direction when 
illuminated with the illumination light for reproduction, the 
20 information recording region being provided in a position 
different from that of the reproducing illumination light 
converging region in the depth direction. The illumination 
light for reproduction thereby becomes small in diameter in the 
reproducing illumination light converging region. 
25 Accordingly, by performing a positioning of the illumination 
light for reproduction in the reproducing illumination light 
converging region, it is possible to achieve a precise 
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positioning of the same . As a result . it is possible to achieve 
a greater storage capacity. 

[0071] Moreover, in the optical information recording 

medium according to claim 4 , the information recording region 
5 generates a plurality of beams of information reproduction 
light having the points of convergence in different positions 
in the depth direction. This produces an advantageous effect 
that it is possible to enhance the storage capacity in addition 
to the advantageous effects of the optical information 
10 recording medium according to claim 1. 

[0072] Moreover, in the optical information recording 

medium according to claim 5. the information recording region 
is provided with pits and projections for generating the 
information reproduction light when illuminated with the 
15 illumination light for reproduction. This produces an 

advantageous effect that it is possible to mass-produce the 
optical information recording medium in addition to the 
advantageous effects of the optical information recording 
medium according to claim 1 . 
20 [0073] Moreover, in the optical information recording 

medium according to claim 6 . the information recording region 
generates information reproduction light that is spatially 
modulated in intensity in accordance with the information 
recorded. This produces an advantageous effect that it is 
25 possible to enhance the storage capacity in addition to the 
advantageous effects of the optical information recording 
medium according to claim 1 . 
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[0074] The optical information reproducing apparatus 

according to any one of claims 7 to 11 comprises: reproducing 
illumination light illuminating means for illuminating an 
optical information recording medium including a reproducing 
5 illumination light converging region and an information 

recording region with illumination light for reproduction that 
converges on the reproducing illumination light converging 
region; and information reproducing means for reproducing 
information by detecting return light from the optical 
10 information recording medium, the return light including 

information reproduction light obtained when the reproducing 
illumination light illuminating means illuminates the optical 
information recording medium with the illumination light for 
reproduction . The illumination light for reproduction thereby 
15 becomes small in diameter in the reproducing illumination light 
converging region. Accordingly, by performing a positioning 
of the illumination light for reproduction in the reproducing 
illumination light converging region, it is possible to achieve 
a precise positioning of the same. 
20 [0075] Moreover, in the optical information reproducing 

apparatus according to claim 9, the reproducing illumination 
light illuminating means and the information reproducing means 
have a common optical member to be used to converge the 
illumination light for reproduction on the reproducing 
25 illumination light converging region and to receive the return 
light from the optical information recording medium. This 
produces an advantageous effect that it is possible to achieve 
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a small configuration of the optical system in addition to the 
advantageous effects of the optical information reproducing 
apparatus according to claim 7 . 

[0076] Moreover, in the optical information reproducing 

apparatus according to claim 10. the information recording 
region of the optical information recording medium generates 
a plurality of beams of information reproduction light having 
the points of convergence in different positions in the depth 
direction, and the information reproducing means has selecting 
means for selectively detecting one of the plurality of beams 
of information reproduction light. This produces an 
advantageous effect that it is possible to reproduce 
information from an optical information recording medium of 
greater storage capacity, in addition to the advantageous 
15 effects of the optical information reproducing apparatus 
according to claim 7 . 

[0077] Moreover, in the optical information reproducing 

apparatus according to claim 11, the information recording 
region of the optical information recording medium generates 

20 information reproduction light that is spatially modulated in 
intensity in accordance with the information recorded, and the 
information reproducing means reproduces information based on 
the intensity distribution of the information reproduction 
light . This produces an advantageous effect that it is possible 

25 to reproduce information from an optical information recording 
medium of greater storage capacity, in addition to the 
advantageous effects of the optical information reproducing 
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apparatus according to claim 7 . 

[0078] The optical information recording apparatus 

according to any one of claims 12 to 14 comprises: recording 
illumination light illuminating means for illuminating an 
optical information recording medium including a reproducing 
illumination light converging region and an information 
recording region with first illumination light for recording 
that has the point of convergence in the same position as the 
point of convergence of illumination light for reproduction in 
the depth direction and second illumination light for recording 
that has the point of convergence in a position different from 
that of the point of convergence of the first illumination light 
for recording in the depth direction; and modulating means for 
modulating the intensity of at least either one of the first 
illumination light for recording and the second illumination 
light for recording projected by the recording illumination 
light illuminating means. The illumination light for 
reproduction and the first illumination light for recording 
thereby become small in diameter in the reproducing 
illumination light converging region. Accordingly, by 
performing a positioning of the first illumination light for 
recording in the reproducing illumination light converging 
region, it is possible to achieve a precise positioning of the 
illumination light for recording. 

[0079] Moreover, in the optical information recording 

apparatus according to claim 13, the recording illumination 
light illuminating means has convergence point position 
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changing means that is capable of changing the position of the 
point of convergence of the second illumination light for 
recording in the depth direction. This produces advantageous 
effects that it is possible to record information in the 
information recording region on a multiplex basis and that it 
is thereby possible to enhance the storage capacity of the 
optical information recording medium, in addition to the 
advantageous effects of the optical information recording 
apparatus according to claim 12. 

[0080] In the optical information recording apparatus 

according to claim 14, the recording illumination light 
illuminating means projects second illumination light for 
recording that is spatially modulated in intensity in 
accordance with the information to be recorded. This produces 
15 an advantageous effect that it is possible to enhance the 

storage capacity of the optical information recording medium, 
in addition to the advantageous effects of the optical 
information recording apparatus according to claim 12. 
[Brief Description of the Drawings] 
20 [FIG. 1] A block diagram showing the configuration of an 
optical information recording/reproducing apparatus according 
to a first embodiment of the invention. 

[FIG. 2] An explanatory diagram showing the sectional 
configuration of the optical disk according to the first 
25 embodiment of the invention. 

[FIG. 3] An explanatory diagram for explaining emboss pits 
in the optical disk according to the first embodiment of the 
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invention . 

[FIG. 4] An explanatory diagram for explaining the emboss 
pits in the optical disk according to the first embodiment of 
the invention . 

[FIG. 5] An explanatory diagram showing an example of the 
format of track information to be recorded in the address 
information portions in FIG. 4. 

[FIG. 6] An explanatory diagram showing the configuration 
of the pick-up in FIG. 1. 

[FIG. 7] An explanatory diagram showing the relationship 
between first illumination light for recording and second 
illumination light for recording in the optical information 
recording/reproducing apparatus according to the first 
embodiment of the invention. 

[FIG. 8] An explanatory diagram showing an interference 
pattern as a result of interference between the first 
illumination light for recording and the second illumination 
light for recording shown in FIG. 7. 

[FIG. 9] An explanatory diagram showing the parts necessary 
for information reproduction, out of the configuration of the 
pick-up shown in FIG. 6. 

[FIG. 10] An explanatory diagram showing the configuration 
of a pick-up in an optical information recording/reproducing 
apparatus according to a second embodiment of the invention. 
25 [FIG. 11] An explanatory diagram showing the sectional 

configuration of an optical disk according to a third embodiment 
of the invention . 
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[FIG. 12] An explanatory diagram showing a shutter in an 
optical information recording/reproducing apparatus according 
to a fourth embodiment of the invention. 
[FIG. 13] An explanatory diagram showing a quadruple 
photodetector for detecting a reproduction signal S B in the 
optical information recording /reproducing apparatus according 
to the fourth embodiment of the invention. 

[FIG. 14] A block diagram showing the configuration of the 
optical information recording /reproducing apparatus according 
to the fourth embodiment of the invention. 
[FIG. 15] An explanatory diagram showing the configuration 
of a conventional holographic optical memory system. 
[Description of Reference Numerals] 
1 ... optical disk, 10 ... optical information 
15 recording/ reproducing apparatus, 15 ... pick-up. 31 ... substrate, 
32 ... transparent dielectric layer. 33 ~ hologram material layer, 
34 ... emboss pit. 41 ... objective lens. 42 ... semiconductor laser. 
48 ... convex lens. 56 ~ quadruple photodetector, 60 ... pinhole 
member, 61 ... photodetector 
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